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1. Complete reference 60. 

60.  (a) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, 

J. R.; Montgomery, J. A., Jr.; Vreven, T.; Kudin, K. N.; Burant, J. C.; Millam, J. M.; Iyengar, S. S.; 

Tomasi, J.; Barone, V.; Mennucci, B.; Cossi, M.; Scalmani, G.; Rega, N.; Petersson, G. A.; 

Nakatsuji, H.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.; Nakajima, 

T.; Honda, Y.; Kitao, O.; Nakai, H.; Klene, M.; Li, X.; Knox, J. E.; Hratchian, H. P.; Cross, J. B.; 

Adamo, C.; Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi, R.; 

Pomelli, C.; Ochterski, J. W.; Ayala, P. Y.; Morokuma, K.; Voth, G. A.; Salvador, P.; Dannenberg, 

J. J.; Zakrzewski, V. G.; Dapprich, S.; Daniels, A. D.; Strain, M. C.; Farkas, O.; Malick, D. K.; 

Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Ortiz, J. V.; Cui, Q.; Baboul, A. G.; Clifford, S.; 

Cioslowski, J.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, I.; Martin, R. L.; 

Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng, C. Y.; Nanayakkara, A.; Challacombe, M.; Gill, P. 

M. W.; Johnson, B.; Chen, W.; Wong, M. W.; Gonzalez, C.; Pople, J. A. Gaussian 03, Revision 

E.01 (Gaussian, Wallingford, CT, 2004).  (b) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; 

Scuseria, G. E.; Robb, M. A.; Cheeseman, J. R.; Scalmani, G.; Barone, V.; Mennucci, B.; Petersson, 

G. A.; Nakatsuji, H.; Caricato, M.; Li, X.; Hratchian, H. P.; Izmaylov, A. F.; Bloino, J.; Zheng, G.; 

Sonnenberg, J. L.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.; 

Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Vreven, T.; Montgomery, Jr., J. A.; Peralta, J. E.; 

Ogliaro, F.; Bearpark, M.; Heyd, J. J.; Brothers, E.; Kudin, K. N.; Staroverov, V. N.; Kobayashi, R.; 

Normand, J.; Raghavachari, K.; Rendell, A.; Burant, J. C.; Iyengar, S. S.; Tomasi, J.; Cossi, M.; 

Rega, N.; Millam, N. J.; Klene, M.; Knox, J. E.; Cross, J. B.; Bakken, V.; Adamo, C.; Jaramillo, J.; 

Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski, J. 
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W.; Martin, R. L.; Morokuma, K.; Zakrzewski, V. G.; Voth, G. A.; Salvador, P.; Dannenberg, J. J.; 

Dapprich, S.; Daniels, A. D.; Farkas, Ö.; Foresman, J. B.; Ortiz, J. V.; Cioslowski, J.; Fox, D. J. 

Gaussian 09, Revision A.1 (Gaussian, Inc., Wallingford CT, 2009). 

 

2. General procedures and materials.   

Throughout the following paragraphs labels “KS1235” and alike correspond to sample or 

experiment codes directly traceable to the laboratory notebooks or raw data.  

Chemicals and per-deuterated solvents for NMR spectroscopy were obtained from commercial 

sources.  Diamine 1 was prepared as described beforeS1 and recrystalized from benzene.  

4,6-Diisopropenyl-1,3-dibromobenzeneS2 was prepared by the following sequence of reactions: (1) 

dibromination of meta-xylene, (2) oxidation with KMnO4 to dicarboxylic acid, (3) diesterification 

with methanol/sulfuric acid, (4) treatment with an excess of CH3MgBr to provide the corresponding 

diol, and (5) elimination in the presence of formic acid.  1,3-Dibromo-2-iodobenzene was prepared 

by lithiation of 1,3-dibromobenzene with LDA, followed by quenching of the aryllithium with 

iodine;S3 n-BuLi used for preparation of LDA was titrated with N-pivaloyl-o-toluidine.S4 

2-Methyl-2-phenyl-decane was prepared using previously described procedure.S5   

Column chromatography was carried out on TLC or flash grade silica gel, using 0 – 20 psig 

pressure.  Preparative TLC (PTLC) was carried out using tapered silica plates with a preadsorbent 

zone.  For selected separations, chromatography was carried out at 0 C and/or silica gel was 

deactivated using solution containing 2 – 5% of triethylamine in pentane or hexane.S6 Standard 

techniques for synthesis under inert atmosphere, using Schlenk glassware and argon-filled 

gloveboxes, were employed. 
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 NMR spectra were obtained using commercial spectrometers (1H, 400, 500 and 600 MHz) using 

benzene-d6, acetone-d6, and chloroform-d (CDCl3) as solvent.  The 500 MHz instrument was 

equipped with a cryoprobe.  The chemical shift references were as follows: (1H) benzene-d5, 7.15 

ppm; (13C) benzene-d5, 128.39 ppm (benzene-d6), (1H) acetone-d5, 2.05 ppm; (13C) acetone-d5, 

29.92 ppm (acetone-d6), (
1H) chloroform, 7.26 ppm; (13C) CDCl3, 77.0 ppm (CDCl3).  Typical 1D 

FID was subjected to exponential multiplication with an exponent of 0.3 Hz (for 1H) and 1.0 – 2.0 

Hz (for 13C); for selected spectra, resolution enhancement was implemented using zero-fill followed 

by exponential and Gaussian multiplications, with the corresponding parameters indicated as LB 

and GB for each applicable spectrum.  Natural abundance 1H-15N HSQC spectra were externally 

referenced to 15N2-labeled urea (98+% 15N, 0.7 mg in 0.4 mL of acetone-d6).  The reported 15N 

chemical shifts were converted to the δ 15N (nitromethane) = 0 ppm scale,S7 using the relation: δ 15N 

(urea) = δ 15N (nitromethane) + 304.7 ppm.S8  IR spectra were obtained using a commercial 

instrument, equipped with an ATR sampling accessory.  MS analyses were carried out at the local 

mass spectrometry facility.  For HR-FABMS, 3-nitrobenzylalcohol (3-NBA) and 

1-(2-Nitrophenoxy)octane (Ortho-NitroPhenylOctylEther = ONPOE) were used as matrices.      

    

3.  X-ray crystallography. 

Data collection, structure solution, and refinement are briefly summarized below; more detailed 

descriptions may be found in the accompanying crystallographic information file (CIF).   

For ladder methyl-substituted ladder tetraamine 2, the structure was determined using crystals 

obtained by sublimation (label: KS1235).  Compound 2 (sample label: KS1079-recryst) was 
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placed in a capillary glass tube and sealed under high vacuum.  The sample was placed in a 

melting point apparatus at 390–400 C, and then temperature was increased to 410 C for 30 min.  

Data collection, structure solution and refinement.  Data for 2 were collected using 

synchrotron radiation ( = 0.49595 Å, diamond 111 monochromators, two mirrors to exclude higher 

harmonics) with a frame time of 1 s and a detector distance of 6.3 cm.  

A colorless plate (approximate dimensions 0.08  0.01  0.003 mm3) was placed onto the tip of an 

ultrathin glass capillary and mounted on a platform diffractometer equipped with a detector kept at 

100(2) K.  Final cell constants were calculated from the xyz centroids of 1971 strong reflections 

from the actual data collection after integration.S9 The intensity data were corrected for absorption.S10  

The space group C2 was determined based on intensity statistics and systematic absences.  The 

structure was solved with direct methods using Sir2004S11 and refined with full-matrix least squares / 

difference Fourier cycles using SHELXL-97.S12 All non-hydrogen atoms were refined with 

anisotropic displacement parameters.  The hydrogen atoms were placed in ideal positions and 

refined as riding atoms with relative isotropic displacement parameters. 

Ladder tetraamine 2.  The compound crystallized in space group C2.  Disorder was refined for 

both t-butyl groups. The final full matrix least squares refinement converged to R1 = 0.0786 and wR2 

= 0.1798 for the observed data.  Refinement of all data gave R1 = 0.1696 and wR2 = 0.2202. 
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Table S1.  Crystal data and structure refinement for ladder tetraamine 2. 

Empirical formula  C51 H60 N4 

Formula weight  729.03 

Crystal color, shape, size  colorless plate, 0.08  0.01  0.003 mm3 

Temperature  100(2) K 

Wavelength  0.49595 Å 

Crystal system, space group  Monoclinic, C2 

Unit cell dimensions a = 58.012(6) Å = 90°. 

 b = 6.9700(6) Å = 95.132(3)°. 

 c = 10.0048(9) Å  = 90°. 

Volume 4029.2(7) Å3 

Z 4 

Density (calculated) 1.202 Mg/m3 

Absorption coefficient 0.046 mm–1 

F(000) 1576 

 

Data collection 

Theta range for data collection 0.98 to 18.04°. 

Index ranges –72<=h<=72, –8<=k<=8, –12<=l<=12 

Reflections collected 14709 

Independent reflections 7957 [R(int) = 0.1566] 

Observed Reflections 3727 

Completeness to theta = 18.04° 98.8 %  

 

Solution and Refinement 

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.9999 and 0.9963 

Solution Direct methods 

Refinement method Full-matrix least-squares on F2 

Weighting scheme w = [2Fo2+ AP2+ BP]-1, with  

 P = (Fo2+ 2 Fc2)/3, A = , B =  

Data / restraints / parameters 7957 / 257 / 516 

Goodness-of-fit on F2 0.892 

Final R indices [I>2sigma(I)] R1 = 0.0786, wR2 = 0.1798 

R indices (all data) R1 = 0.1696, wR2 = 0.2202 

Absolute structure parameter 6(9) 

Largest diff. peak and hole 0.239 and –0.328 e.Å–3 
_______________________________________________________ 

Goodness-of-fit = [[w(Fo
2  Fc

2)2]/Nobservns  Nparams)]
1/2, all data. 

R1 = (|Fo|  |Fc|) /  |Fo|.       wR2 = [[w(Fo
2  Fc

2)2] /  [w(Fo
2)2]]1/2. 
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Figure S1.  Formula unit for ladder tetraamine 2 obtained by synchrotron radiation (labels: 

KS1235 and 05505).  t-Butyl groups are disordered as shown; for C37,C38,C39 the ratio between 

major and minor site is 52:48 and for C49,C50,C51 the ratio is 78:22.    

 

 

Figure S2.  Crystal packing for ladder tetraamine 2: view along crystallographic a-axis.   
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Figure S3. Crystal packing for ladder tetraamine 2: views along crystallographic b- and c-axes. 
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Figure S4. Ball and stick drawing of ladder tetraamine 3 showing disorder and solvent.  

4. UV-vis absorption and fluorescence spectroscopy, and electrochemistry. 

UV-vis absorption and fluorescence spectra were obtained in cyclohexane on commercial 

spectrophotometer and spectrofluorophotometer, respectively.  The Lambert-Beer plots were 

typically obtained using 4 – 6 concentrations covering the 0.05 – 2.5 range in absorbance.  
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Fluorescence quantum yields (f) were determined in reference to quinine sulfate solution (~8.6 × 

10–7 M) in 0.5 N H2SO4 (Φf = 0.546) at 297 K.S13 Results from three excitation wavelengths of 

quinine, 345, 316, and 310 nm, were averaged, except for the measurements of diamine 1, where 

the excitation wavelengths of quinine, 345 and 316 nm, were employed.  Quantum yields were 

calculated, using the equation S1:  

Φsample = Φstd(Isample/Istd)(Astd/Asample)(nsample/nstd)
2   (S1) 

In this equation, Φsample and Φstd are the quantum yields of sample and standard, respectively; 

Isample and Istd are the integrated emission intensities of the sample and the standard, respectively; 

Asample and Astd are the absorbance of the sample and standard, respectively; and nsample (1.4266) and 

nstd (1.3391) are the refractive indices of the sample and standard solutions, respectively. 

The spectra for 1 – 4 are summarized and plotted in Table 3 (main text), Table S2, Figure 7 (main 

text), and Figures S5 – S9.   

Table S2. Fluorescence spectroscopy of diamine 1, tetraamines 2 and 3, and hexaamine 4.  

Compound 
Concentration 

(M) 

Emission 

maximum 

(nm) 

Excitation 

maximum 

(nm) 

Stokes 

shift 

(nm) 

Excitation 

wavelength 

(nm) 

Fluorescence 

quantum 

yieldc 

Average 

fluorescence  

quantum 

yield (%) 

1 2.18×10–6 397 274 123 283a 0.014 1.4 

2 d 
351, 358, 

365 
276 ~80 

275 

300 

0.206 

0.251 
22.9 

3 1.52×10–6 401 274 127 
275 

320 

0.015 

0.017 
1.6 

4 3.12×10–7 399 275 124 
277 

313 

0.0093b 

0.011b 
1.0 

aExcitation set at 283 nm to avoid artifacts in the usable part of the spectrum. bAbsorbance was 
calculated from Lambert-Beer coefficient rather than directly read from the spectrum of least 
concentrated sample due to baseline shift. cQuinine sulfate solution in 0.5 M sulfuric acid with a 
known quantum yield of 0.546 was used as reference.  dFor 2, average quantum yields for two 
sample concentrations, 1.33 ×10–6 M and 2.74×10–6 M, are reported. 
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Voltammetry data for diamine 1, tetraamines 2 and 3, and hexaamine 4 were obtained in a 

glovebag under argon gas atmosphere.  (The supply gas was a commercial ultra-high purity argon, 

certified to contain <1 ppm of O2 and <1 ppm of H2O.)  The home-made electrochemical cell, all 

solid reagents, syringes, needles, etc. were extensively evacuated in Schlenk vessels (typical 

pressure  1 mTorr, temperature 20–70 C), prior to the transfer to the glovebag.  

Dichloromethane (CH2Cl2) was obtained from commercial solvent purification system, then 

distilled from calcium hydride under nitrogen, and stored in the absence of light in a Schlenk vessel 

on a vacuum line; just prior to the use, the solvent was vacuum transferred as needed.  Commercial 

potentiostat/galvanostat was used.  Three electrodes were employed: quasi-reference (Ag-wire), 

counter (Pt-foil), and working (100-m Pt-disk).  The concentration of an electroactive solute was 

about 1 mM; typical concentrations for 1, 2, 3, and 4 were 1.5, 0.5, 0.7, and 0.5 mM, respectively.  

Concentration of the tetrabutylammonium hexafluorophosphate supporting electrolyte 

([n-Bu4N]+[PF6]
–), was about 0.1 M.  The solution volume was about 2.4 mL.  After a series of 

cyclic (and/or square wave voltammograms) with potential increments of 2 mV, a small amount (10 

– 25 drops) of solution of decamethylferrocene (ca. 0.7 mg of Cp*2Fe) in the supporting electrolyte 

(ca. 0.8 mL) was added to the cell, to provide reference potentials (–0.590 V vs. Cp2Fe/Cp2Fe+ in 

[n-Bu4N]+[PF6]
–/CH2Cl2 and –0.130 V vs SCE for Cp*2Fe/Cp*2Fe+ in CH2Cl2).

S14  Each 

compound was subjected to cyclic voltammograms with the scanning rates in the 50 – 500 mV/s or 

20 – 500 mV/s range.  Tetraamines 2 and 3 were examined by square wave voltammetry 

(frequency 10 and 20 Hz, pulse height 25 mV), as well as their onsets of reduction and oxidation 

were measured by cyclic and square wave voltammetry. 

 



 S13

Table S3.  Oxidation Potentials for Ladder Oligoamines 1 – 4.a 

Compound Oxidation 

potentials 

Cyclic 

voltammetry 

E1/2
ox (V) 

 Square 

wave 

voltammetry 

Ep
ox (V) 

1 E+/0 

E2+/+ 

0.6010.004 

1.1580.004 

0.6000.004 

1.1600.004 

1 

(Cp2Fe+/0)b 

E+/0 

E2+/+ 

0.6440.008 

1.2000.006 

 

2 E+/0 

E2+/+ 

E3+/2+ 

E4+/3+ 

0.4940.014 

0.6280.014 

1.0870.014 

0.4960.002 

0.6380.002 

1.0840.004 

1.6630.002 

2b 

(repeat CV) 

E+/0 

E2+/+ 

E3+/2+ 

0.4940.008 

0.6400.050 

1.0760.012 

 

3 E+/0 

E2+/+ 

E3+/2+ 

E4+/3+ 

0.5160.008 

0.6120.002 

1.0920.004 

0.5250.008 

0.6220.004 

1.0980.006 

1.6540.026 

3 

(repeat CV) 

E+/0 

E2+/+ 

E3+/2+ 

0.5070.007 

0.6340.009 

1.0960.004 

 

4 E+/0 

E2+/+ 

E3+/2+ 

0.5440.006 

0.7430.020 

1.0920.016 

 

a Potentials (vs. SCE) from cyclic voltammetry (CV) and square wave voltammetry (SWV) based on 
average values from multiple voltammograms with scan rates of 20 – 500 or 50 – 500 mV s–1 (and 

with frequency of 10 Hz) in 0.1 M [n-Bu4N]+[PF6]
– in dichloromethane; 100-m Pt-disk as working 

electrode.  The potentials are calibrated with decamethylferrocene as the internal standard (–0.130 V 
vs. SCE for Cp*2Fe+/0 in dichloromethane).  b The potentials in this experiment, calibrated with 
ferrocene as internal standard (+0.460 V vs. SCE for Cp2Fe+/0 in dichloromethane), are probably less 
accurate because of overlap with the voltammogram of the standard. 
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Figure S5.  UV-vis absorption and fluorescence spectra of diamine 1 in cyclohexane.  Emission 
spectrum obtained for sample (2.18×10–6 M) excited at 283 nm and excitation spectra were 
observed at 400 nm.  Artifact arising from Raman scattering in excitation spectra is marked with 
asterisk.  Line smoothing by a moving average method over 0.8 nm ranges was applied for 
fluorescence spectra. 

 

Figure S6.  UV-vis absorption and fluorescence spectra of tetraamine 2 in cyclohexane.  
Emission spectrum obtained for sample (1.33×10–6 M) excited at 275 nm and excitation spectra 
were observed at 358 nm.  Fluorescence λmax = 351, 358, 365 nm.  No line smoothing was 
applied.  
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Figure S7. UV-vis absorption and fluorescence spectra of tetraamine 3 in cyclohexane.  Emission 
spectrum obtained for sample (1.52×10–6 M) excited at 275 nm and excitation spectra were 
observed at 400 nm.  Artifact in excitation spectra is marked with asterisk.  Line smoothing by a 
moving average method over 0.8 nm ranges was applied for fluorescence spectra. 

 

Figure S8. UV-vis absorption and fluorescence spectra of hexaamine 4 in cyclohexane.  Emission 
spectrum obtained for sample (3.12×10–7 M) excited at 277 nm and excitation spectra were 
observed at 400 nm.  Artifact in excitation spectra is marked with asterisk.  Line smoothing by a 
moving average method over 0.8 nm ranges was applied for fluorescence spectra. 
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Figure S9.   Determination of absorption onsets (λonset).  Tangent method implemented on the 
most concentrated samples, tangent at the point/region of the peak absolute derivative value 
(∂Abs/∂λ) vs. tangent on the tail (black) and tangent on flat-line (red).  All figures share the same 
horizontal scale.  (A) Diamine 1, (B) Tetraamine 3, (C) Hexaamine 4, (D) 8-Methyl-tetraamine 2. 

 
 
 
 
 

A B

D 
C 
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Figure S10. Cyclic voltammogram (CV, 50 mV s−1) for ladder diamine 1 in 0.1 M [n-Bu4N]+[PF6]
− 

in dichloromethane, and internally referenced to Cp*2Fe+/0 (−0.130 V vs SCE), (label: A671F18). 

 

 

Figure S11.  Square wave voltammogram (SWV, frequency 10 Hz, pulse height 30 mV) for 

ladder diamine 1 in 0.1 M [n-Bu4N]+[PF6]
− in dichloromethane, and internally referenced to 

Cp*2Fe+/0 (−0.130 V vs SCE), (label: A671S29). 
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Figure S12. Cyclic voltammogram (CV, 50 mV s−1) for ladder tetraamine 2 in 0.1 M 

[n-Bu4N]+[PF6]
− in dichloromethane, and internally referenced to Cp*2Fe+/0 (−0.130 V vs SCE), 

(label: A739F19). 

 

 

 

Figure S13. Square wave voltammogram (SWV, frequency 10 Hz, pulse height 25 mV) for ladder 

tetraamine 2 in 0.1 M [n-Bu4N]+[PF6]
− in dichloromethane, and internally referenced to Cp*2Fe+/0 

(−0.130 V vs SCE), (label: A739S12). 
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Figure S14. Cyclic voltammogram (CV, 50 mV s−1) for ladder tetraamine 3 in 0.1 M 

[n-Bu4N]+[PF6]
− in dichloromethane, and internally referenced to Cp*2Fe+/0 (−0.130 V vs SCE), 

(label: A665F22). 

 

 

 

Figure S15. Square wave voltammogram (SWV, frequency 10 Hz, pulse height 25 mV) for ladder 

tetraamine 3 in 0.1 M [n-Bu4N]+[PF6]
− in dichloromethane, and internally referenced to Cp*2Fe+/0 

(−0.130 V vs SCE), (label: A726S20). 

 



 S20

 

Figure S16. Cyclic voltammogram (CV, 50 mV s−1) for ladder hexaamine 4 in 0.1 M 

[n-Bu4N]+[PF6]
− in dichloromethane, and internally referenced to Cp*2Fe+/0 (−0.130 V vs SCE), 

(label: A668F18). 
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Figure S17. Square wave voltammogram (SWV, frequency 10 Hz, pulse height 25 mV) for ladder 

tetraamine 2 in 0.1 M [n-Bu4N]+[PF6]
− in dichloromethane, and internally referenced to Cp*2Fe+/0 

(−0.130 V vs SCE), (label: A739S38). 

 

 

 

Figure S18. Square wave voltammogram (SWV, frequency 10 Hz, pulse height 25 mV) for ladder 

tetraamine 3 in 0.1 M [n-Bu4N]+[PF6]
− in dichloromethane, and internally referenced to Cp*2Fe+/0 

(−0.130 V vs SCE), (label: A726S40). 



 S22

 

Figure S19. Square wave voltammogram (SWV, frequency 10 Hz, pulse height 25 mV, potential 

step 4 mV) for ladder tetraamine 2 in 0.1 M [n-Bu4N]+[PF6]
− in dichloromethane, and internally 

referenced to Cp*2Fe+/0 (−0.130 V vs SCE), (label: A739S32). 

 

 

 

Figure S20. Square wave voltammogram (SWV, frequency 10 Hz, pulse height 25 mV, potential 

step 4 mV) for ladder tetraamine 2 in 0.1 M [n-Bu4N]+[PF6]
− in dichloromethane, and internally 

referenced to Cp*2Fe+/0 (−0.130 V vs SCE), (label: A739S33). 
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Figure S21. Square wave voltammogram (SWV, frequency 10 Hz, pulse height 25 mV, potential 
step 4 mV) for ladder tetraamine 3 in 0.1 M [n-Bu4N]+[PF6]

− in dichloromethane, and internally 
referenced to Cp*2Fe+/0 (−0.130 V vs SCE), (label: A726S13). 

 

Figure S22. Square wave voltammogram (SWV, frequency 10 Hz, pulse height 25 mV, potential 
step 4 mV) for ladder tetraamine 3 in 0.1 M [n-Bu4N]+[PF6]

− in dichloromethane, and internally 
referenced to Cp*2Fe+/0 (−0.130 V vs SCE), (label: A726S15). 
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5.  DFT calculations: optimized geometries, 1H, 13C, and 15N NMR chemical shifts, and 

UV-vis spectra. 

All calculations were performed using the Gaussian 03 and Gaussian 09 program packages 

running on an 8-cpu workstation under Linux operating system.S15   

Ground-state geometries were optimized at the B3LYP/6-31G(d,p) level within the C1 or C2 point 

group; vibrational analyses were carried out to confirm that all reported structures are the minima 

on the potential energy surface (Table S4).  All optimized geometries have RMS forces in 

Cartesian coordinates of about 1.3  10–6 a.u or less, except for hexaamine 4a, for which the RMS 

forces were 3.5  10–6 a.u.  The key results for the optimized structures and their vibrational 

analyzes are summarized in Table S4.  These geometries were used for single point calculations of 

UV-vis and NMR spectra, using the IEF-PCM-UA0 solvent models based upon integral equation 

formalism of the polarizable continuum model (IEF-PCM) with the united-atom topological (UA0) 

radii (Gaussian 03 default for the radii). 

Isotropic chemical shieldings for 1, 3a, and 4a (and tetramethylsilane for 1H and 13C, and 

nitromethane for 15N) in acetone or benzene, to match the experimental conditions, were calculated at 

the B3LYP/6-31G(d,p)/IEF-PCM-UA0 level of theory using gauge invariant atomic orbitals (GIAO) 

method as implemented in Gaussian 03 (Tables S6 and S7).    

For the UV-vis absorption spectra, the time-dependent density functional response theory 

(TDDFT) single point calculations at the B3LYP/6-31G(d,p)/IEF-PCM-UA0 level of theory 

(Gaussian 03) provided excitation energies and oscillator strengths (f) for electronic transitions for 

selected structures in cyclohexane.  In the final TD-B3LYP calculations, 75, 100, 120, 200, 6, 50, 

and 90 excited states were calculated for 1, 2, 3a, 4a, 18, 19, and 20 respectively (Figure 9, main text, 



 S25

Table S5).  The electronic UV-vis absorption data (f) in the Gaussian 03/09 output files were 

converted to stick spectra in the text file format and then convoluted with the Gaussian functions with 

half-width of 0.2 eV, using graphical user interface Gabedit (version 2.3.8, 

http://gabedit.sourceforge.net).S16  The resultant spectra were re-plotted with the wavelength (nm) 

axis using SigmaPlot program.  For all calculated UV-vis absorption spectra, vertical axes were 

scaled to fit the experimental spectra.  The horizontal axes were not scaled. 

 

Table S4.  The B3LYP/6-31G(d,p)//B3LYP/6-31G(d,p) energies (E, hartree), zero point 

vibrational energies (hartree),a lowest vibrational frequencies (cm–1), RMS gradient norms (a.u.),b 

dipole moments (D), and also, the B3LYP/6-31G(d,p)/IEF-PCM-UA0//B3LYP/6-31G(d,p) energies 

(hartree) in acetone and cyclohexane. 

Structure Point 

group 

E (gas phase) ZPVE  Lowest 

vibrational 

frequenciesc 

RMS 

gradient 

norm 

(10–6) 

Dipole  

moment 

E (acetone) E 

(cyclohexane) 

1 C1 –1741.44763793 0.840018 10.0, 19.7 1.03 2.73 –1741.4565003 –1741.45057689 

2 Cs –2198.76556850 0.994959 5.6, 13.1 1.20 3.46 - –2198.77318721  

3a C1 –2547.77782756  1.160353 5.0, 12.0 1.27 4.40 –2547.80062902 –2547.78526190 

4a C2 –3742.43572950 1.673978 2.6, 5.5 3.52 6.99 –3742.46457669 –3742.44512990 

Octaamine 

18 

C1 –4937.09363277 2.188327 2.2, 4.2 1.17 9.44 –4937.12883644 –4937.10508606  

Diamine 

19 

C2v –1353.11980194  Ref S17 Ref S17 0.58 Ref S17 - –1353.12525099  

Tetraamine 

20 

C2v –4937.09363277 0.966857 3.1, 12.2 0.41 3.36 - –2159.45990358  

a 1 Hartree = 627.51 kcal mol–1.  b In Cartesian coordinates.  c All calculated structures of 1, 2, 
3a, 4a, 19, and 20 correspond to minima on the potential energy surface (zero imaginary vibrational 
frequencies); for 2, another conformation with the pendant methyl rotated 90  (similar to that found 
in the X-ray structure of 2) is a transition state: E (gas phase) = –2198.76488912, ZPVE = 
0.994287, imaginary frequency = i148.3 cm–1.  Frequency calculations were not carried out on 
octaamine 18 due to its large number of heavy carbon atoms.     
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Table S5.  The calculated vs. experimental UV-vis absorption spectra in cyclohexane.  For the 

spectra calculated at the TD-B3LYP/6-31G(d,p)/IEF-PCM-UA0//B3LYP/6-31G(d,p)+ZPVE level 

of theory, the lowest energy transitions (λonset) and major bands (λmax) with oscillator strengths (f) 

are listed.   

Structure Experimental spectra Structure Point 

group 

Calculated spectra 

λonset/nm λmax/nm (/104 mol−1 dm3 cm−1 ) λonset/nm (f) λmax/nm (f) 

1  277 (3.39) 1 C1 348 (0.058) 308 (0.158) 286 (1.240) 

- - - 19 C2v 319 (0.088) 294 (0.099) 286 (1.492) 

2  275 2 Cs 320 (0.060) 310 (0.397) 297 (0.822)a 

- - - 20 C2v 321 (0.029) 311 (0.443) 297 (0.937)a 

3  276 (8.59) 3a C1 354 (0.045) 323 (0.173) 297 (0.527) 

4  277.5 (19.6) 4a C2 355 (0.099) 326 (0.204) 306 (0.691) 

- - - 18b C1 358 (0.064) - - 

a For 2, λmax/nm (f) = 285 (2.001); for 20, λmax/nm (f) = 285 (1.879). b For octaamine 18, only 6 lowest 

excited states were calculated.  
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6.  NMR spectral assignments for ladder oligoamines 1, 3, and 4: correlations between 

DFT-calculated and experimental 13C and 1H NMR chemical shifts.  DFT-calculated and 

experimental 15N NMR chemical shifts. 
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Figure S23. Selected NMR correlations observed for diamine 1, tetraamine 3 and hexaamine 4.  
HMBC long range 1H-13C couplings are indicated in red, and NOESY correlations for 3 and 4 are 
drawn in blue.  
 
The spectral pattern of oligoamines 1, 3, and 4 clearly indicate molecular symmetry.  In the 
aromatic region of the 1H NMR spectra single sets of signals corresponding to the 
1,2,4-trisubstituted and 1,4-disubstituted benzene rings are visible.  The only other signals above 4 
ppm are singlets: two for diamine 1, five for tetraamine 3 and eight for hexaamine 4.  NOESY 
interactions allow to follow the structure from the 1,2,4-trisubstituted system either through a 
sequence of alternating aliphatic (CH3) and aromatic (CH) groups or alternating amine (NH) and 
aromatic (CH) groups.  Long range 1H-13C correlations are in agreement with the structures of the 
amines, and almost all expected 1,3-interactions were observed as intense signals in the HMBC 
spectra.   
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Figure S24.  1H and 13C NMR chemical shift assignments for diamine 1 in acetone-d6 (sample 
label: PB1-08B-2D) using HSQC and HMBC 2D NMR experiments.  The 1H and 13C NMR 
chemical shifts are indicated in blue and red, respectively.   

 

 
Figure S25.  1H and 13C NMR chemical shift assignments for tetraamine 3 in acetone-d6 (sample 
label: PB4_59AB-solid) using HSQC, HMBC, and NOESY 2D NMR experiments.  The 1H and 
13C NMR chemical shifts are indicated in blue and red, respectively.  As indicated in the figure, a 
selected group of 13C resonances could not be distinguished unequivocally and were assigned 
average chemical shift. 
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a) Assigned to either 36.87, 36.89 or 36.93 ppm.
b) Assigned to either 122.76, 122.78. 122.85 or 122.88 ppm
c) Assigned to either 137.85 or 138.00 ppm

 

Figure S26.  1H and 13C NMR chemical shift assignments for hexaamine 4 in benzene-d6 (sample 
label: PB4_69D-solid) using HSQC, HMBC, and NOESY 2D NMR experiments.  The 1H and 13C 
NMR chemical shifts are indicated in blue and red, respectively.  As indicated in the figure, 
selected groups of 13C resonances could not be distinguished unequivocally and were assigned 
average chemical shift. 
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Figure S27. Difference between scaled calculated (δscaled = (δDFT – a) / b) and experimental (δexpt) 
1H 

(upper plot) and 13C chemical shifts (lower plot) for diamine 1 in acetone-d6.  Differences for 
hydrogen atoms of the NH groups are marked orange. Outside atoms of the fused ring system are 
colored red for meta and green for ortho vs. nitrogen atoms.  Error bars correspond to the standard 
deviation of chemical shifts calculated for carbon atoms that are magnetically equivalent by 
symmetry and rotation. 
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Figure S28.  Correlation between the calculated and experimental 1H NMR shifts for diamine 1 in 
acetone-d6.  Signal corresponding to protons from the NH group is marked in red and is excluded 
from the correlation. 
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Figure S29. Difference between scaled calculated (δscaled = (δDFT – a) / b) and experimental (δexpt) 
1H 

(upper plot) and 13C chemical shifts (lower plot) for tetraamine 3 in acetone-d6.  Calculated 
structure 3a was simplified by replacing R = C8H17 with R = CH3.  Differences for hydrogen 
atoms of the NH groups are marked orange. Outside atoms of the fused ring system are colored red 
for meta and green for ortho vs. nitrogen atoms.  Error bars correspond to the standard deviation of 
chemical shifts calculated for carbon atoms that are magnetically equivalent by symmetry and 
rotation. 
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Figure S30. Correlation between the calculated and experimental 1H NMR shifts for tetraamine 3 in 
acetone-d6. Signals corresponding to protons from the NH groups are marked in red and are 
excluded from the correlation. 
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Figure S31. Difference between scaled calculated (δscaled = (δDFT – a) / b) and experimental (δexpt) 
1H 

(upper plot) and 13C chemical shifts (lower plot) for hexaamine 4 in benzene-d6.  Calculated 
structure 4a was simplified by replacing R = C8H17 with R = CH3.  Differences for hydrogen 
atoms of the NH groups are marked orange.  Outside atoms of the fused ring system are colored 
red for meta and green for ortho vs. nitrogen atoms.  Error bars correspond to the standard 
deviation of chemical shifts calculated for carbon atoms that are magnetically equivalent by 
symmetry and rotation. 
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Figure S32. Correlation between the calculated and experimental 1H NMR shifts for hexaamine 4 
in benzene-d6.  Signals corresponding to protons from the NH groups are marked in red and are 
excluded from the correlation. 
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Table S6.  1H and 13C NMR spectral assignments for di-, tetra-, and hexa-amine 1, 3, and 4: 
experimental (δexpt), calculated (δDFT), and scaled (δscaled) NMR chemical shifts,a as well as 

calculated NMR isotropic shieldings (DFT).b  For tetraamine and hexaamine, values of DFT and 
δDFT are for simplified structures 3a and 4a, respectively. 
 

a Scaled chemical shift, δscaled = (δDFT – intercept)/slope, where intercept and slope are from correlations 

between δDFT and δexpt (Figure 5, main text, and Figures S28, S30, S32, SI).  b DFT for TMS: 31.7454 (1H), 

192.255 (13C).   

  

 

Diamine 1 Tetraamine 3 and 3a 

13C 1H 13C 1H 

C 

no. 

DFT δexpt δDFT δscaled 

H 

no. 

DFT δexpt δDFT δscaled 

C 

no. 

DFT δexpt δDFT δscaled 

H 

no. 

DFT δexpt δDFT δscaled 

1 69.22 122.69 123.03 127.69 1 24.036 7.45 7.710 7.575 1 69.29 123.62 122.96 127.73 1 24.043 7.360 7.702 7.618 

2 56.36 143.40 135.90 141.66 3 24.637 7.01 7.108 6.986 2 56.74 141.16 135.51 141.36 3 24.536 6.997 7.210 7.136 

3 73.29 124.11 118.96 123.27 4 25.614 6.43 6.131 6.029 3 73.29 124.72 118.96 123.38 4 25.255 6.656 6.490 6.430 

4 84.90 114.29 107.35 110.66 5 26.773 6.21 4.973 4.894 4 84.98 113.79 107.27 110.68 5 25.908 7.620 5.838 5.791 

4a 62.56 137.42 129.70 134.93 13 24.176 7.51 7.570 7.438 4a 61.93 137.63 130.33 135.73 6 26.544 5.900 5.201 5.167 

5a 62.86 135.75 129.39 134.60 16 30.283 1.43 1.462 1.457 5a 61.13 138.31 131.12 136.59 7 26.850 6.060 4.896 4.868 

6 85.88 111.08 106.37 109.60 18 24.131 7.35 7.614 7.481 6 100.45 98.67 91.80 93.87 17 24.283 7.418 7.463 7.384 

11a 67.57 129.53 124.69 129.49 19 23.736 7.70 8.010 7.868 6a 61.49 138.73 130.76 136.20 19 24.175 7.502 7.571 7.489 

12 150.33 37.25 41.93 39.61 22 30.469 1.28 1.277 1.275 7a 62.90 135.50 129.35 134.67 24 30.473 1.263 1.272 1.317 

12a 76.14 122.08 116.12 120.18 23 30.072 1.61 1.673 1.664 8 85.84 110.90 106.42 109.75 26 24.122 7.366 7.624 7.541 

13 68.43 122.47 123.83 128.55      15a 67.44 129.29 124.82 129.74 27 23.704 7.722 8.041 7.950 

15 153.87 34.88 38.39 35.76      16 150.59 36.82 41.66 39.39 30 30.256 1.468 1.489 1.530 

16 160.45 32.00 31.80 28.61      16a 75.97 122.33 116.28 120.47 31 30.157 1.569 1.588 1.627 

17 64.03 131.92 128.23 133.33      17 67.89 123.29 124.37 129.25 32 30.123 1.618 1.623 1.661 

18 64.61 131.86 127.64 132.70      17a 76.41 122.33 115.84 119.99      

19 69.04 127.97 123.22 127.89      18 150.96 36.80 41.29 38.99      

20 45.08 152.04 147.18 153.91      18a 75.72 122.33 116.53 120.74      

21 153.13 35.39 39.13 36.57      19 68.39 122.49 123.87 128.71      

22 160.70 31.75 31.56 28.35      23 154.52 37.90 37.73 35.12      

23 155.70 31.44 36.55 33.77      24 160.47 30.31 31.78 31.78      

          25 63.90 132.08 128.36 128.36      

          26 64.57 131.92 127.68 127.68      

          27 69.03 127.89 123.22 123.22      

          28 45.09 152.05 147.16 147.16      

          29 153.10 35.42 39.15 39.15      

          30 160.67 31.81 31.59 31.59      

          31 155.74 31.98 36.51 36.51      

          32 155.97 31.87 36.29 36.29      
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Table S6, contd.   

Table S7.  15N NMR spectral assignments of NH groups for 1, 3 and 4 in acetone-d6: experimental 

(δexpt) and calculated (δDFT) NMR chemical shifts relative to nitromethane, as well as calculated 

NMR isotropic shieldings (DFT).a For tetraamine and hexaamine, values of DFT and δDFT are for 

simplified structures 3a and 4a, respectively. 

Structure NH no. DFT
a 

δexpt δDFT 

Diamine 1 5 160.10 –285.9 –286.35 

Tetraamine 3 and 3a 
5 161.59 –285.9 –287.83 

7 160.11 –286.0 –286.36 

Hexaamine 4 and 4a 

5 161.75 –286.2 –287.99 

7 160.11 –286.1 –286.36 

9 160.19 –286.0 –286.43 

 
a DFT for nitromethane: –126.2466 (15N).

Hexaamine 4 and 4a Hexaamine 4 and 4a, contd 

13C 1H 13C 

C 

no. 

DFT 
δexpt δDFT δscaled 

H 

no. 

DFT 
δexpt δDFT δscaled 

C 

no. 

DFT 
δexpt δDFT δscaled 

1 68.93 123.61 123.12 128.31 1 24.109 7.535 7.642 7.630 22 150.84 36.90 41.20 39.03 

2 56.62 141.82 135.42 141.72 3 24.653 7.202 7.098 7.093 22a 75.84 122.82 116.20 120.78 

3 73.38 124.62 118.66 123.46 4 25.549 6.517 6.202 6.207 23 68.11 123.07 123.94 129.20 

4 85.27 113.57 106.77 110.50 5 26.634 5.17 5.117 5.135 23a 75.82 122.82 116.22 120.79 

4a 61.99 137.22 130.05 135.87 6 26.885 4.783 4.866 4.887 24 150.94 36.47 41.10 38.92 

5a 61.53 137.92 130.51 136.37 7 26.996 5.78 4.755 4.778 24a 75.71 122.82 116.33 120.92 

6 100.54 99.03 91.50 93.85 9 27.051 5.67 4.699 4.723 25 67.80 123.14 124.24 129.53 

6a 61.17 137.92 130.87 136.76 10 27.195 4.179 4.555 4.581 31 154.60 37.94 37.45 34.94 

7a 62.87 135.68 129.17 134.91 21 24.278 7.503 7.473 7.463 32 160.57 30.00 31.47 28.43 

8 86.73 110.50 105.31 108.91 23 24.220 7.703 7.531 7.520 33 62.80 133.05 129.24 134.98 

8a 62.83 135.44 129.21 134.95 25 24.317 7.575 7.434 7.425 34 64.33 132.34 127.71 133.32 

9a 61.50 137.72 130.54 136.40 32 30.486 1.395 1.284 1.349 35 69.36 127.98 122.68 127.83 

10 100.39 98.26 91.65 94.02 34 24.252 7.343 7.499 7.489 36 46.00 151.94 146.04 153.30 

19a 66.92 129.86 125.12 130.49 35 23.897 7.468 7.853 7.839 37 153.36 35.21 38.68 36.28 

20 151.27 36.90 40.77 38.56 38 30.308 1.293 1.461 1.523 38 160.48 31.87 31.56 28.52 

20a 75.91 122.51 116.14 120.70 39 30.151 1.691 1.600 1.661 39 155.85 31.87 36.20 33.57 

21 67.62 122.96 124.42 129.73 40 30.142 1.827 1.609 1.670 40 155.86 32.35 36.18 33.56 

21a 75.98 122.82 116.06 120.62 41 30.139 1.842 1.612 1.672 41 155.87 32.81 36.17 33.55 
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7.  2D-NMR spectra for di-, tetra-, and hexaamines 1, 3, and 4 

 

Figure S33. 1H–15N HSQC experiment (500 MHz, acetone-d6 label: AO-7-11) of diamine 1. 
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Current Data Parameters
NAME         PB1_08B-2D
EXPNO                 2
PROCNO                1

F2 - Acquisition Parameters
Date_          20091217
Time              21.44
INSTRUM           spect
PROBHD   5 mm CPTXI 1H-
PULPROG     hsqcetgpsi2
TD                 1024
SOLVENT         Acetone
NS                    2
DS                   16
SWH            4006.410 Hz
FIDRES         3.912510 Hz
AQ            0.1279700 sec
RG                32768
DW              124.800 usec
DE                 6.00 usec
TE                298.0 K
CNST2       145.0000000
d0           0.00000300 sec
D1           1.50000000 sec
d4           0.00172414 sec
d11          0.03000000 sec
d13          0.00000400 sec
D16          0.00020000 sec
D24          0.00086207 sec
DELTA        0.00127360 sec
DELTA1       0.00120800 sec
DELTA2       0.00006207 sec
DELTA3       0.00052414 sec
IN0          0.00002400 sec
ST1CNT              128
ZGOPTNS

======== CHANNEL f1 ========
NUC1                 1H
P1                 8.80 usec
p2                17.60 usec
P28                0.10 usec
PL1               -4.30 dB
SFO1        500.1321506 MHz

======== CHANNEL f2 ========
CPDPRG2            garp
NUC2                13C
P3                15.00 usec
p4                30.00 usec
PCPD2             60.00 usec
PL2               -1.80 dB
PL12              10.24 dB
SFO2        125.7672177 MHz

====== GRADIENT CHANNEL =====
GPNAM1         SINE.100
GPNAM2         SINE.100
GPNAM3         SINE.100
GPNAM4         SINE.100
GPZ1              80.00 %
GPZ2              20.10 %
GPZ3              11.00 %
GPZ4              -5.00 %
P16             1000.00 usec
P19              600.00 usec

F1 - Acquisition parameters
ND0                   2
TD                  225
SFO1           125.7672 MHz
FIDRES        92.592590 Hz
SW              165.650 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          500.1300078 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0
PC                 1.00

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          125.7576568 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0  

Figure S34. 1H–13C HSQC experiment (500 MHz, acetone-d6 label: PB1_08B) of diamine 1. 
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Current Data Parameters
NAME         PB1_08B-2D
EXPNO                 5
PROCNO                1

F2 - Acquisition Parameters
Date_          20091219
Time               0.44
INSTRUM           spect
PROBHD   5 mm CPTXI 1H-
PULPROG    hmbcgplpndqf
TD                 4096
SOLVENT         Acetone
NS                    8
DS                   16
SWH            4006.410 Hz
FIDRES         0.978127 Hz
AQ            0.5113556 sec
RG                16384
DW              124.800 usec
DE                 6.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13       10.0000000
d0           0.00000300 sec
D1           1.50000000 sec
d2           0.00344828 sec
d6           0.05000000 sec
D16          0.00020000 sec
IN0          0.00002485 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                 8.80 usec
p2                17.60 usec
PL1               -4.30 dB
SFO1        500.1321005 MHz

======== CHANNEL f2 ========
NUC2                13C
P3                15.00 usec
PL2               -1.80 dB
SFO2        125.7691072 MHz

====== GRADIENT CHANNEL =====
GPNAM1         SINE.100
GPNAM2         SINE.100
GPNAM3         SINE.100
GPZ1              50.00 %
GPZ2              30.00 %
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
ND0                   2
TD                  256
SFO1           125.7691 MHz
FIDRES        78.596581 Hz
SW              159.981 ppm
FnMODE               QF

F2 - Processing parameters
SI                 2048
SF          500.1300092 MHz
WDW                SINE
SSB                   0
LB                 0.00 Hz
GB                    0
PC                 1.00

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          125.7576716 MHz
WDW                SINE
SSB                   0
LB                 0.00 Hz
GB                    0

HMBCGP

 

Figure S35. 1H–13C HMBC experiment (500 MHz, acetone-d6 label: PB1_08B) of diamine 1. 

 

Figure S36. 1H–15N HSQC experiment (500 MHz, acetone-d6 label: AO-7-15) of tetraamine 3. 
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Current Data Parameters
NAME     PB4_59AB-solid
EXPNO                 6
PROCNO                1

F2 - Acquisition Parameters
Date_          20100422
Time               5.58
INSTRUM           spect
PROBHD   5 mm CPTXI 1H-
PULPROG     hsqcetgpsi2
TD                 1024
SOLVENT         Acetone
NS                    1
DS                   16
SWH            6666.667 Hz
FIDRES         6.510417 Hz
AQ            0.0769250 sec
RG               4597.6
DW               75.000 usec
DE                 6.00 usec
TE                298.0 K
CNST2       145.0000000
d0           0.00000300 sec
D1           1.50000000 sec
d4           0.00172414 sec
d11          0.03000000 sec
d13          0.00000400 sec
D16          0.00020000 sec
D24          0.00086207 sec
DELTA        0.00127260 sec
DELTA1       0.00120800 sec
DELTA2       0.00006207 sec
DELTA3       0.00052414 sec
IN0          0.00002400 sec
ST1CNT              128
ZGOPTNS

======== CHANNEL f1 ========
NUC1                 1H
P1                 8.30 usec
p2                16.60 usec
P28                0.10 usec
PL1               -4.30 dB
SFO1        500.1330069 MHz

======== CHANNEL f2 ========
CPDPRG2            garp
NUC2                13C
P3                15.00 usec
p4                30.00 usec
PCPD2             60.00 usec
PL2               -1.80 dB
PL12              10.24 dB
SFO2        125.7672177 MHz

====== GRADIENT CHANNEL =====
GPNAM1         SINE.100
GPNAM2         SINE.100
GPNAM3         SINE.100
GPNAM4         SINE.100
GPZ1              80.00 %
GPZ2              20.10 %
GPZ3              11.00 %
GPZ4              -5.00 %
P16             1000.00 usec
P19              600.00 usec

F1 - Acquisition parameters
ND0                   2
TD                  256
SFO1           125.7672 MHz
FIDRES        81.380211 Hz
SW              165.650 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          500.1300000 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0
PC                 1.00

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          125.7576705 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0
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Figure S37. 1H–13C HSQC experiment (500 MHz, acetone-d6 label: PB4_59AB) of tetraamine 3. 
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NAME     PB4_59AB-solid
EXPNO                 4
PROCNO                1

F2 - Acquisition Parameters
Date_          20100422
Time               4.03
INSTRUM           spect
PROBHD   5 mm CPTXI 1H-
PULPROG    hmbcgplpndqf
TD                 4096
SOLVENT         Acetone
NS                    8
DS                   16
SWH            4496.403 Hz
FIDRES         1.097755 Hz
AQ            0.4556364 sec
RG                 8192
DW              111.200 usec
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GPZ3              40.10 %
P16             1000.00 usec
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SW              179.889 ppm
FnMODE               QF
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SF          500.1300000 MHz
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SSB                   0
LB                 0.00 Hz
GB                    0
PC                 1.00

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          125.7576705 MHz
WDW                SINE
SSB                   0
LB                 0.00 Hz
GB                    0
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Figure S38. 1H–13C HMBC experiment (500 MHz, acetone-d6 label: PB4_59AB) of tetraamine 3. 
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Figure S39. 1H–13C HMBC experiment of 3; expansions of Figure S38. 



 S41

ppm

1.01.52.02.53.03.54.04.55.05.56.06.57.07.58.0 ppm

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

Current Data Parame
NAME     PB4_59AB-s
EXPNO              
PROCNO             

F2 - Acquisition Pa
Date_          2010
Time               
INSTRUM           s
PROBHD   5 mm CPTXI
PULPROG       noesy
TD                 
SOLVENT         Ace
NS                 
DS                 
SWH            5000
FIDRES         2.44
AQ            0.204
RG                 
DW              100
DE                 
TE                2
d0           0.0000
D1           2.0000
D8           0.4000
D16          0.0002
IN0          0.0002
ST1CNT             
TAU          0.1988

======== CHANNEL f1
NUC1               
P1                 
p2                1
PL1               -
SFO1        500.132

====== GRADIENT CHA
GPNAM1         SINE
GPNAM2         SINE
GPZ1              4
GPZ2             -4
P16             100

F1 - Acquisition pa
ND0                
TD                 
SFO1           500.
FIDRES        19.53
SW                9
FnMODE      States-

F2 - Processing par
SI                 
SF          500.130
WDW               Q
SSB                
LB                 
GB                 
PC                 

F1 - Processing par 

Figure S40. 1H NOESY experiment (500 MHz, acetone-d6 label: PB4_59AB) of tetraamine 3. 
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Figure S41. 1H NOESY experiment of tetraamine 3; expansion of Figure S40. 
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Figure S42. 1H–15N HSQC experiment (500 MHz, acetone-d6 label: AO-7-15-2) of hexaamine 4. 
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SSB                   2
LB                 0.00 Hz
GB                    0  

Figure S43. 1H–13C HSQC experiment (600 MHz, C6D6 label: PB4_69D-solid) of hexaamine 4. 
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Figure S44. 1H–13C HMBC experiment (600 MHz, C6D6 label: PB4_69D-solid) of hexaamine 4. 
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Figure S45. 1H NOESY experiment (600 MHz, C6D6 label: PB4_69D-solid) of hexaamine 4. 
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Figure S46. 1H–13C HMBC experiment of hexaamine 4; expansions of Figure S44. 
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Figure S47. 1H NOESY experiment of hexaamine 4; expansion of Figure S45. 

 

8.  Summary for synthesis of tetraamines 2 and 5. 

N-(4-tert-Butyl-phenyl)-5-bromo-2,4-diisopropylene-aniline (6). 

 

Run1 Dibromobenzene 

(mg/mmol) 

Aniline 

(mg/mmol) 

Ratio2 Isolated yield 

(mg/mmol/%) 

KS184 87.4/0.276 89.3/0.60 1:2.2 46.0/0.120/43 

KS317 347.6/1.10 328.0/2.20 1:2.0 218.2/0.568/52 

KS334 972.0/3.1 890.0/6.0 1:1.9 408.9/1.06/34 

KS997 472.0/1.49 300.0/2.0 1:1.3 287.7/0.75/50 

1Catalytic system: 5 mol% Pd(OAc)2 and 15 mol% DPPF; reaction conditions: 90 °C, 24 – 48 h. 2 Molar ratio of 

4,6-diisopropenyl-1,3-dibromobenzene to 4-tert-butylaniline. 
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N,N’-Bis(3-(4-tert-butyl-phenylamino)-4,6-diisopropylene-phenyl)-toluene-2,6-diamine (7) 

 

Run Pd(OAc)2 

mmol/mol% 

(diamine) 

P(t-Bu)3 

mmol/mol% 

(diamine) 

t-BuONa 

(mg/mmol) 

Diamine 

SM 

(mg/mmol) 

Monoamine 

SM 

(mg/mmol) 

Yield of 

tetraamine TM 

(mg/%) 

KS0918 0.01/4 0.030/8 62.0/0.645 28.9/0.236 191.0/0.497 135.2/76 

KS1015 0.005/3 0.015/8 61.2/0.63 11.4/0.094 77.6/0.20 51.3/75 

KS1047 0.012/3 0.034/9 117.0/1.22 47.6/0.39 322.2/0.83 191.9/67 

 

N,N’-Bis(3-(4-tert-butyl-phenylamino)-4,6-diisopropylene-phenyl)-phenylene-1,3-diamine (8) 

 

Run Pd(OAc)2 

mmol/mol% 

(diamine) 

P(t-Bu)3 

mmol/mol% 

(diamine) 

t-BuONa 

(mg/mmol) 

Diamine 

SM 

(mg/mmol) 

Monoamine 

SM 

(mg/mmol) 

Isolated yield of 

tetraamine TM 

(mg/%) 

KS0322 0.0053/4 0.015/13 16.0/0.166 6.0/0.055 45.1/0.117    33.7/86 

KS0927 0.0045/2 0.013/6 30.4/0.316 11.8/0.109  85.9/0.223   72.5/93 
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2,14-Di-tert-butyl-5,7,9,11,16,18,20,22-octahydro-8,16,16,18,18,20,20,22,22-nonamethyl-5,7,9,1

1-tetraaza-nonacene (2). 

 

Run Tetraamine SM 

(mg/mmol) 

H3PO4 

(mL) 

Time 

(h) 

Crude 

(mg) 

Isolated yield of tetraamine 2 

(mg) (%) 

KS0345 4.7/0.0067 0.5 8 32.2 0.4 8.5a 

KS0452 29.7/0.0407 1.0 0.3 26.5 6.7 22a 

KS942 33.4/0.045 1.5 8 38.9 7.6 23a 

KS1052 83.0/0.113 2 6 137.0 54.0 65 

KS1079 102.0/0.140 2.5 5 -- 83.9b 82 

a Purification by PTLC. b Recrystallization of a 22-mg sample from 1,4-dioxane, gave 8.1 mg (30%) of the product (label: 

KS1079-recryst1).  

 

2,14-Di-tert-butyl-5,7,10,12,17,19,20,22-octahydro-10,10,12,12,20,20,22,22-octamethyl-5,7,17,1

9-tetraaza-nonaphene (5). 

 

Run  

 

Tetraamine SM 

(mg/mmol) 

H3PO4  

(mL) 

H2SO4 

(mL) 

Temp. 

(C) 

Time 

(h) 

Crude 

(mg)  

Isolated yield of tetraamine 5 

    (mg)         (%) 

KS324  13.3/0.0186 0.6 0 90 3 8.8        1.0 8    

KS329  9.1/0.0127 0.5 0 90 12 13.3        2.1 23 

KS943  32.2/0.0450 1.5 0 90 8 26.6        2.2 7 

PB612  17.6/0.0246 0.15 0.15 60a 0.25 9.5        3.9 22 

a For a schematic drawing of a reaction vessel see Figure S48 
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9. Summary for synthesis of ladder tetraamine 3 and hexaamine 4.   

1-(1,1-Dimethylnonyl)-4-nitrobenzene (9).  

 
Run SM 

(g/mmol) 

SM label HNO3 : H2SO4 

(mL : mL) 

Reaction  

temperature, time  

(°C, h) 

TM 

(g) 

Yield 

(%) 

TM label 

PB1_17 0.243 / 1.05 PB1_15CD 0.25 : 0.15 RT, 16  0.268 92 PB1_17A-cra 

PB1_38 2.53 / 10.9 PB1_32Bb 2.5 : 1.5 RT, 16 2.094 69 PB1_38Ba 

PB1_98 4.19 / 18.1 PB1_92B 4.1 : 2.6 0 °C – RT, 16 3.609 72 PB1_98BC-lc 

PB4_29 4.162 / 17.9 PB3_87 4.6 : 3.0 0 °C 2 h, RT 24 4.357 88 PB4_29A-lc1 

aUnpurified material, 90 – 94% by GC-MS. bStarting material contaminated by cumene. 

 

4-(1,1-Dimethylnonyl)-aniline (10). 

 
Runa SM  

(g/mmol) 

SM label Iron  

(g/mmol) 

Reaction time 

(h) 

TM 

(g) 

Yield 

(%) 

TM label 

PB1_99 1.66 / 5.98 PB1_98B 6.15 / 111 1.5 1.382 93 PB1_99A-cr 

PB3_80 1.70 / 6.12 PB1_98B 6.72 / 121 16 1.445 96 PB3_80A-cr 

PB4_33 4.35 / 1.57 PB4_29A 17.0 / 306 16 3.655 94 PB4_33A-cr 

a Fe/NH4Cl in benzene – no reaction; H2/Pd – low conversion. 
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N-(4-(1,1-Dimethylnonyl)-phenyl)-5-bromo-2,4-diisopropylene-aniline (11). 

 
Run Amine 

(mg/mmol)  

(g/mmol/equiv) 

Pd(OAc)2 

(mg/mol%) 

Reaction time 

(h) 

TM 

(mg) 

Yield 

(%) 

TM label 

PB3_81 144 / 0.582 0.320 / 1.01 / 1.74 12.4 / 9 40 71.3 25 PB3_81B-lc2 

PB3_84 490 / 1.98 1.15 / 3.67 / 1.85 40.0 / 9 64 391 41 PB3_84B-lc 

PB4_04 682 / 2.76 1.70 / 5.38 / 1.95 56.0 / 9 91 566 42 PB4_04A-lc 

PB4_10 720 / 2.91 1.70 / 5.38 / 1.85 55.0 / 8 96 435 

89 
37 

PB4_10B-lc1 

PB4_10C-lc1 

PB4_34 955 / 3.86 1.89 / 5.98 / 1.55 78.4 / 9 100 734a 39 PB4_34B-lc1 

PB5_07 459 / 1.86 0.837 / 2.65 / 1.42 57.8 / 13 168 459 51 PB5_07A-lc1 

PB5_61 1149 / 4.64 2.18 / 6.89 / 1.49 145 / 14 168 1284 57 PB5_61BCD 

aapprox. 95% purity. 

 

4’-tert-Butyl-2,6-dibromo-biphenyl (12). 

 

Run SM 

(g/mmol) 

Boronic acid 

(g/mmol/equiv) 

Pd(PPh3)4 

(mg/mol%) 

Reaction 

temperature, time  

(°C, h) 

TM 

(g) 

Yield 

(%) 

TM label 

PB3_61 1.015 / 2.80 0.534 / 3.00 / 1.07 28 / 0.9 80–83, 24  0.230 22 PB3_61A-lc1 

PB3_68 1.006 / 2.78 0.450 / 2.53 / 0.91 33 / 1.1 80, 40  0.288 30 PB3_68B-lc1 

PB3_95 2.254 / 6.23 1.15 / 6.46 / 1.04 60 / 0.8 80, 135 0.840 37 PB3_95A-lc 

PB4_14 2.105 / 5.82 1.160 / 6.52 / 1.12 69.4 / 1.0 85–95, 168 1.739 81 PB4_14A-lc1 

PB4_26 2.136 / 5.90 1.179 / 6.62 / 1.12 71.2 / 1.0 85–92, 168 
1.067 

0.362b 
66 

PB4_26B-lc1 

PB4_26C-lc 
bsmall ammount of impurities 
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2,6-Bis(N-benzylamino)-4’-tert-butyl-biphenyl (13). 

Br Br NHBn

PhCH2NH2, t-BuONa,

Pd(OAc)2, rac-BINAP

toluene 120 oC, 24 h BnHN

 

Run 
SM 

(mg/mmol) 

SM label Benzylamine 

(mL/mmol/equiv) 

Pd(OAc)2 

(mg/mol%) 

TM 

(mg) 

Yield 

(%) 
TM label 

PB4_06 840 / 2.28 PB3_95A 10 / 92 / 40 40 / 7.8 813 85 PB4_06A-lc1 

PB4_37 743 / 2.02 PB4_26B 8.8 / 81 / 40 35.6 / 7.9 686 81 PB4_37C-solid 

PB5_66 1361 / 3.70 PB4_14A 15.5 / 163 / 44 64.8 / 7.8 1377 89 PB5_66A-solid 

 

2,6-Diamino-4’-tert-butyl-biphenyl (14). 

 
Run SM 

(g/mmol) 

SM label Formate 

(g/mmol/equiv) 

Pd/C 

(mg/mol%) 

TM 

(mg) 

Yield 

(%) 

TM label 

PB4_08 0.810 / 1.92 PB4_06A 1.44 / 22.9 /11.9 72.0 / 3.5 442 96 PB4_08A-cr 

PB4_43 0.487 / 1.16 PB4_37C-solid 0.904 / 14.3 / 12.3 37.6 / 3.1 249 90 PB4_43A-cr 

PB5_70 1.38 / 3.27 PB5_66A-solid 2.44 / 38.7 / 11.8 123 / 3.6 706 90 PB5_70A-solid 
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N,N’-Bis(3-(4-(1,1-dimethylnonyl)-phenylamino)-4,6-diisopropylene-phenyl)-4’-tert- 

butyl-2,6-diamino-biphenyl (15) and N-(3-(4-(1,1-dimethylnonyl)-phenylamino)- 

4,6-diisopropylene-phenyl)-4’-tert-butyl-2,6-diamino-biphenyl (16) 

 

Run 
diamine 

(mg/umol) 

bromocompound 

(mg/mmol/equiv) 

Pd(OAc)2 

(mg/mol%) 

Reaction 

time (h) 

TM (mg/%)a TM label 

triamine 9 tetraamine 7 Triamine 9 Tetraamine 7 

Conditions optimized for tetraamine 7 

PB5_25 96.4 / 401 425 / 0.881 / 2.19  29.6 / 33 72 - 260.7 / 62  PB5_25B+E 

PB5_72 55.8 / 232 314 / 0.510 / 2.20 17.8 / 34 96 - 
109.1 / 45 

20.6b / 54 
 

PB5_72B-lc1 

PB5_72C-lc2 

PB5_79 249 / 1036 1100 / 2.28 / 2.20 76.6 / 33 70 38.2 / 5.7 
566.2 / 52 

95.8b / 61 
PB5_79F-2lc2 

PB5_79B+C 

PB5_79D-lc3 

Conditions optimized for triamine 9 

PB4_42 123 / 513 302 / 0.624 / 1.22 13.5 / 12 65 112 / 34 44.5 / 14 PB4_42B-lc1 PB4_42A-lc1 

PB5_85 63.2 / 263 128 / 0.279 / 1.06 6.0 / 12 72 69.0 / 43 49.7 / 34 PB5_85C-lc2 PB5_85B-lc1 

aCalculated for the limiting reagent in each case. bLimited purity. 
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8-(4-tert-Butylphenyl)-5,7,9,11,16,18,20,22-octahydro-16,16,18,18,20,20,22,22-octamethyl- 

2,14-bis-(1,1-dimethylnonyl)-5,7,9,11-tetraaza-nonacene (3). 

 

Run SM 

(mg/mol) 

SM label Reaction 

temperature 

(C) 

Reaction 

time  

(min) 

TM 

(mg) 

Yield 

(%) 

TM label   
1H NMR 

spectrum 

PB4_17a 57.1 / 54.7 PB4_09B-lc1 55 30 15.6 27 PB4_17B-lc 

PB5_09 35.5 / 34.0 PB4_09B-lc1 55 15 35.3 98b PB5_09A-cr 

PB5_33 33.2 / 31.8 PB5_25E-2lc1 55 15 32.2 97b PB5_33A-cr1 

PB5_36 71.0 / 68.0 PB5_25B-lc1 60 15 66.8 94b PB5_36A-cr; 

Fig. S77 

PB5_37 52.9 / 50.7 PB5_25B-lc1 60 15 50.5 95b PB5_37A-cr; 

Fig. S78 

PB5_63 84.6 / 81.1 PB5_25B-lc1 60 15 78.9 93bc PB5_63A-cr 

PB5_86 81.6 / 78.2 PB5_79C-lc2 60 15 67.1 82 PB5_86B-lc1 

PB6_01 242.8 / 233 PB409+572+579 60 20 138.3 57d PB6_01A-lc2 
a Stirring/agitation of the reaction mixture not optimized  b 1H NMR spectrum of the crude reaction mixture is 

identical or very similar to that of purified material. No further purification attempts were made.  c Contains ca. 2% of 

SM (residue of SM from container walls). d In addition, 10% of SM was recovered by chromatography. 

 

Figure S48.  Schematic drawing of a reaction vessel used for for Friedel-Crafts cyclizations: 1) 
glass rod, 2) needle for nitrogen flow, 3) 14-mm rubber septum, 4) 10 mL conical flask, 5) 
thermocouple, 6) sand bath, 7) heating tape. 
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3 

4 

5 
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N,N’-Bis(3-(3-(4-(1,1-dimethylnonyl)-phenylamino)-4,6-diisopropylene-phenyl-amino)-2-(4-t

ert-butylphenyl)-phenyl)-4,6-diisopropylene-1,3-phenylenediamine (17). 

NH2N
H

N
H

C8H17

N
H

N
H

N
H

N
H

C8H17

BrBr

N
H

N
H

C8H17

Pd(OAc)2, P(t-Bu)3
toluene

 

Run Triamine 

(mg/mol)  

(mg/mmol/equiv) 

Pd(OAc)2 

(mg/mol%) 

Reaction 

time    

(h) 

TM 

(mg) 

Yield 

(%) 

TM label 

PB4_18 24.0 / 37.4 5.90 / 18.7 / 0.499 1.0 / 24 66 
5.7 

5.9 
43 

PB4_18B-lc1 

PB4_18C-lc1a 

PB4_55 42.4 / 66.0 10.4 / 32.9 / 0.498 1.8 / 24 137 19.2 41 PB4_55B-lc1 

PB5_45 60.7 / 94.5b 14.4 / 45.6 / 0.482 2.6 / 25 96 9.9 15b PB5_45B-lc1 

PB5_93 38.2 / 59.5 9.48 /- 30.0 / 0.504 1.6 / 24 168 20.4 48 PB5_93A-lc1 

aTwo independent purification attempts. bSM of moderate purity. 
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8,12-Bis-(4-tert-butylphenyl)-5,7,9,11,13,15,20,22,24,26,28,30-dodecahydro- 

20,20,22,22,24,24,26,26,28,28,30,30-dedecamethyl-2,18-di-tert-undecyl-5,7,9,11,13,15- 

hexaaza-tridecacene (4). 

N
H

N
H

N
H

N
H

C8H17

N
H

N
H

C8H17

H3PO4, H2SO4

55 oC, 25 min

N
H

N
H

N
H

N
H

C8H17

N
H

N
H

C8H17

 

Run 
SM 

(mg/mol) 
SM label 

Temp. 

(C) 

Time 

(min) 

Crude reaction mixture 
TM 

(mg) 

Yield 

(%) 
TM label Mass 

(mg) 

1H NMR 

spectrum 

PB4_31 5.7 / 4.0 PB4_18B-lc1 55 15 - - 2.89 51 PB4_31B-lc1 

PB4_69-1 

PB4_69-2 

7.9 

9.1 
PB4_55B-lc1 55 15 18.9 

PB4_69B-cr1 

See: Fig. S83 
11.2 66 PB4_69C-lc1 

PB5_35 16.4 / 11.4 PB5_30B-lc1 60 15 12.2 PB5_35A-cr 5.8 36 PB5_35B-lc1 

PB5_50a 10.0 / 6.95 PB5_45B-lc1 60 15 10.6 PB5_50A-cr  3.8 38 PB5_50B 

aStarting material of moderate purity. 
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10.  Plots of routine 1H NMR and 13C NMR spectra for synthetic intermediates and target 
oligoamines.  

 
Figure S49. 1H NMR (400 MHz, acetone-d6, GB = 0.1, LB = –0.3 Hz) spectrum of 6 (KS997-22). 

 

Figure S50. 13C NMR (100 MHz, acetone-d6) spectrum of bromoamine 6 (label: KS997-22). 
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Figure S51. 1H NMR (400 MHz, acetone-d6, GB = 0.1, LB = –0.3 Hz) spectrum of tetraamine 7 
washed with acetone (label: KS1047-1). 

 
Figure S52. 1H-1H COSY experiment (400 MHz, acetone-d6) of tetraamine 7 (label: KS1047-1). 
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Figure S53. 13C NMR (100 MHz, acetone-d6) spectrum of tetraamine 7 (label: KS1047-1). 

 
Figure S54. 1H NMR (400 MHz, acetone-d6, GB = 0.1, LB = –0.3 Hz) spectrum of tetraamine 8 
(label: KS927-2). Signal at 7.35 ppm corresponds to residual benzene. 
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Figure S55. 1H-1H COSY (400 MHz, acetone-d6) spectrum of tetraamine 8 (label: KS927-2). 

 
Figure S56. 13C NMR (100 MHz, acetone-d6) spectrum of tetraamine 8 (label: KS927-2).  Signal 
at 129.2 ppm corresponds to residual benzene. 
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Figure S57. 1H NMR (400 MHz, acetone-d6) spectrum of tetraamine 2 (label: KS1079-recryst1). 

 
Figure S58. 1H NMR (400 MHz, acetone-d6) spectrum of “angular” ladder tetraamine 5 (label: 
KS329-11).  Residual BHT is marked with asterisk.  

*

*

*
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Figure S59. 1H-1H COSY (400 MHz, acetone-d6) spectrum of “angular” ladder tetraamine 5 
(KS329-11).  Assignments are tentative.  Four NH resonances are not labeled. 
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Figure S60. 1H NMR (400 MHz, CDCl3) spectrum of nitrocompound 9 (PB1_98B-lc). 
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Figure S61. 13C NMR (100 MHz, CDCl3) spectrum of nitrocompound 9 (PB1_98B-lc). 
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Figure S62. 1H NMR (400 MHz, CDCl3) spectrum of aniline 10 (PB1_99A-cr). 
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Figure S63. 13C NMR (100 MHz, CDCl3) spectrum of aniline 10 (PB1_99A-cr).  
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Figure S64. 1H NMR (400 MHz, acetone-d6) spectrum of bromoamine 11 (PB3_84B-lc). 
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Figure S65. 13C NMR (100 MHz, acetone-d6) spectrum of bromoamine 11 (PB3_84B-lc). Inset plot 
processed with Gaussian resolution enhancement (GB = 0.3; LB = -2.0 Hz). 

 

 



 S64

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm

1
.
3
8
3

7
.
0
3
0

7
.
0
5
0

7
.
0
7
0

7
.
1
3
2

7
.
1
3
6

7
.
1
4
8

7
.
1
5
2

7
.
1
5
7

7
.
2
6
0

7
.
4
4
9

7
.
4
5
4

7
.
4
5
9

7
.
4
7
0

7
.
4
7
5

7
.
6
1
5

7
.
6
3
5

Current Data Parameters
NAME        PB4_14A-lc1
EXPNO                 1
PROCNO                1

F2 - Acquisition Parameters
Date_          20100118
Time              17.55
INSTRUM           spect
PROBHD   5 mm QNP 1H/13
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8278.146 Hz
FIDRES         0.126314 Hz
AQ            3.9584243 sec
RG                   64
DW               60.400 usec
DE                 6.50 usec
TE                293.8 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H
P1                12.00 usec
PL1               -3.35 dB
SFO1        400.1324710 MHz

F2 - Processing parameters
SI                32768
SF          400.1300093 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00

 

Figure S66. 1H NMR (400 MHz, CDCl3) spectrum of dibromocompound 12 (PB4_14A-lc). 
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Figure S67. 13C NMR (100 MHz, CDCl3) spectrum of dibromocompound 12 (PB4_14A-lc). 
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Figure S68. 1H NMR (400 MHz, CDCl3) spectrum of diamine 13 (PB4_37C-solid). 
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Figure S69. 13C NMR (100 MHz, CDCl3) spectrum of diamine 13 (PB4_37C-solid). 
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Figure S70. 1H NMR (400 MHz, CDCl3) spectrum of diamine 14 (PB4_08B-solid). 
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Figure S71. 13C NMR (100 MHz, acetone-d6) spectrum of diamine 14 (PB4_43A-cr). 
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Figure S72. 1H NMR (400 MHz, acetone-d6) spectrum obtained after brief workup of the reaction 
mixture in the synthesis of 15 (PB5_25A-cr).  For 1H NMR spectrum of purified 15 see the 
following figure (Figure S73). 
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Figure S73. 1H NMR (500 MHz, acetone-d6) spectrum of tetraamine 15 (PB5_79B-lc). 
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Figure S74. 13C NMR (126 MHz, acetone-d6) spectrum of tetraamine 15 (PB5_79B-lc). 
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Figure S75. 1H NMR (400 MHz, acetone-d6) spectrum of triamine 16 (PB5_85C-lc2). 
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Figure S76. 13C NMR (100 MHz, acetone-d6) spectrum of triamine 16 (PB5_85C-lc2). 
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Figure S77. 1H NMR (400 MHz, acetone-d6) spectrum (full spectrum and aromatic region) of the 
crude reaction mixture of ladder tetraamine 3 after aqueous workup (PB5_36A-cr).  For 1H NMR 
spectrum of another crude mixture and of purified 3 see the following figures (Figures S78 – S79). 
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Figure S78. 1H NMR (400 MHz, acetone-d6) spectrum (full spectrum and aromatic region) of the 
crude reaction mixture of ladder tetraamine 3 after aqueous workup (PB5_37A-cr).  For 1H NMR 
spectrum of another crude mixture of 3 see the preceding figure (Figure S77) and for spectrum of 
purified 3 see the following figure (Figure S79). 
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Figure S79. 1H NMR (500 MHz, acetone-d6) spectrum of tetraamine 3 (PB4_59AB-solid). 
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Figure S80. 13C NMR (126 MHz, acetone-d6) spectrum of tetraamine 3 (PB4_59AB-solid). 
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Figure S81. 1H NMR (400 MHz, acetone-d6) spectrum of hexaamine 17 (PB4_55B-lc1). 
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30.030.5 ppm

 
Figure S82. 13C NMR (100 MHz, acetone-d6) spectrum of hexaamine 17 (PB4_55B-lc1). 
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Figure S83. 1H NMR (500 MHz, acetone-d6) spectrum (full spectrum and aromatic region) of the 
crude reaction mixture of ladder hexaamine 4 after aqueous workup (PB4_69B-cr).  For 1H NMR 
spectra of purified 4 see the following figures (Figures S84 and S85). 
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Figure S84. 1H NMR (500 MHz, benzene-d6) spectrum (full spectrum and aromatic region) of the 
crude reaction mixture of ladder hexaamine 4 after column chromatography (PB4_69C-lc1).  For 
1H NMR spectrum of crystalized 4 see the following figure (Figure S85). 
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Figure S85. 1H NMR (500 MHz, acetone-d6) spectrum of hexaamine 4 (PB4_69D-solid(acetone)). 
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Figure S86. 1H NMR (600 MHz, benzene-d6) spectrum of hexaamine 4 (PB4_69D-solid). 
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Current Data Parameters
NAME      PB4_69D-solid
EXPNO                11
PROCNO                1

F2 - Acquisition Parameters
Date_          20100520
Time               8.50
INSTRUM           spect
PROBHD   5 mm BBO BB-1H
PULPROG          zgpg30
TD                65536
SOLVENT            C6D6
NS                12146
DS                    4
SWH           35971.223 Hz
FIDRES         0.548877 Hz
AQ            0.9110143 sec
RG               9195.2
DW               13.900 usec
DE                 6.50 usec
TE                298.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                13C
P1                 9.70 usec
PL1                1.00 dB
PL1W        59.85786819 W
SFO1        150.9302211 MHz

======== CHANNEL f2 ========
CPDPRG2         waltz16
NUC2                 1H
PCPD2             60.00 usec
PL2                0.20 dB
PL12              12.54 dB
PL13              12.54 dB
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F2 - Processing parameters
SI                65536
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LB                 1.00 Hz
GB                    0
PC                 1.40  

Figure S87. 13C NMR (151 MHz, benzene-d6) spectrum of hexaamine 4 (PB4_69D-solid). 
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11.  Plots of selected IR spectra. 

 

Figure S88.  IR (ZnSe, ATR, cm–1) spectrum for ladder tetraamine 2 (label: KS1079-recryst-1). 

 

Figure S89.  IR (ZnSe, ATR, cm–1) spectrum for “angular” ladder tetraamine 5 (label: KS329-11). 
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Figure S90. IR (ZnSe, ATR, cm–1) spectrum of hexaamine 4 (PB4_69D-solid). 

 

Figure S91. IR (ZnSe, ATR, cm–1) spectrum of hexaamine 17 (PB4_55B-lc1). 
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Figure S92.  IR (ZnSe, ATR, cm–1) spectrum of tetraamine 3 (PB5_49A-solid). 
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Figure S93. IR (ZnSe, ATR, cm–1) spectrum of triamine 16 (PB3_92D-lc3). 
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Figure S94. IR (ZnSe, ATR, cm–1) spectrum of tetraamine 15 (PB5_25B-lc1). 
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Figure S95. IR (ZnSe, ATR, cm–1) spectrum of diamine 14 (PB5_70B-solid). 
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*PB4_37C-solid Thu Feb 04 16:36:53 2010 (GMT-06:00)
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Figure S96. IR (ZnSe, ATR, cm–1) spectrum of diamine 13 (PB4_37C-solid). 

 

Figure S97. IR (ZnSe, ATR, cm–1) spectrum of dibromocompound 12 (PB4_26B-lc). 
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Figure S98. IR (ZnSe, ATR, cm–1) spectrum of bromoamine 11 (PB3_81B-lc). 
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Figure S99. IR (ZnSe, ATR, cm–1) spectrum of aniline 10 (PB1_99A-cr). 
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Figure S100. IR (ZnSe, ATR, cm–1) spectrum of nitrocompound 9 (PB4_29C-lc). 
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13. Cartesian coordinates for B3LYP/6-31G(d,p)-optimized geometries of 1, 2, 3a, 4a, 18, 19, 

and 20. 

Diamine 1. 
Stoichiometry    C42H52N2 
 Framework group  C1[X(C42H52N2)] 
 Deg. of freedom   282 
 Full point group                 C1 
 Largest Abelian subgroup         C1      NOp   1 
 Largest concise Abelian subgroup C1      NOp   1 
                         Standard orientation:                          
 --------------------------------------------------------------------- 
 Center     Atomic     Atomic              Coordinates (Angstroms) 
 Number     Number      Type              X           Y           Z 
 --------------------------------------------------------------------- 
    1          7             0       -2.412949    0.525632    0.014513 
    2          7             0        2.410347    0.521302    0.004822 
    3          6             0       -6.244084   -1.243896   -0.012131 
    4          6             0       -5.072066   -2.015663   -0.005975 
    5          1             0       -5.168308   -3.097182   -0.007061 
    6          6             0       -3.782208   -1.477763    0.001097 
    7          6             0       -2.548387   -2.397353    0.006350 
    8          6             0       -1.239112   -1.586787    0.004552 
    9          6             0       -0.003794   -2.237605   -0.005605 
   10          1             0       -0.004817   -3.323225   -0.011557 
   11          6             0        1.232744   -1.589035   -0.008283 
   12          6             0        2.540540   -2.401880   -0.018342 
   13          6             0        3.775999   -1.484642   -0.001404 
   14          6             0        5.064891   -2.024912    0.001331 
   15          1             0        5.159204   -3.106557   -0.009089 
   16          6             0        6.238273   -1.255354    0.017272 
   17          6             0        6.077084    0.135825    0.031687 
   18          1             0        6.939420    0.792158    0.045215 
   19          6             0        4.812119    0.712789    0.028669 
   20          1             0        4.710397    1.795703    0.039388 
   21          6             0        3.658115   -0.082196    0.011345 
   22          6             0        1.216129   -0.181403   -0.001591 
   23          6             0       -0.001234    0.530998    0.009190 
   24          6             0       -1.219998   -0.179165    0.013071 
   25          6             0       -3.661776   -0.075477    0.003524 
   26          6             0       -4.814388    0.721696   -0.003598 
   27          6             0       -6.080392    0.147060   -0.011390 
   28          1             0       -6.941554    0.805046   -0.016760 
   29          6             0       -7.621389   -1.932221   -0.019583 
   30          6             0       -7.768308   -2.817369    1.240761 
   31          1             0       -6.995825   -3.590866    1.286202 
   32          1             0       -8.742780   -3.319344    1.246808 
   33          1             0       -7.690044   -2.215449    2.152025 
   34          6             0       -8.778381   -0.914818   -0.025275 
   35          1             0       -8.752037   -0.272969   -0.912051 
   36          1             0       -8.760782   -0.273091    0.861809 
   37          1             0       -9.736817   -1.444252   -0.030084 
   38          6             0       -7.755133   -2.816668   -1.281878 
   39          1             0       -6.981595   -3.589477   -1.320054 
   40          1             0       -7.668221   -2.214075   -2.191904 
   41          1             0       -8.729118   -3.319364   -1.297950 
   42          6             0       -2.590699   -3.290402    1.275608 
   43          1             0       -2.567867   -2.676380    2.180433 
   44          1             0       -1.734025   -3.970693    1.306028 
   45          1             0       -3.499320   -3.900018    1.301383 
   46          6             0       -2.589229   -3.301898   -1.254683 
   47          1             0       -2.563115   -2.696102   -2.164907 
   48          1             0       -3.498667   -3.910217   -1.277111 
   49          1             0       -1.734510   -3.984789   -1.277215 
   50          6             0        2.578633   -3.321028    1.232183 
   51          1             0        2.552185   -2.725763    2.149320 
   52          1             0        3.487203   -3.930837    1.248717 
   53          1             0        1.723023   -4.003044    1.245848 
   54          6             0        2.582368   -3.280247   -1.297803 
   55          1             0        2.562114   -2.655742   -2.195488 
   56          1             0        1.724114   -3.958096   -1.337116 
   57          1             0        3.489630   -3.891607   -1.329476 
   58          6             0        7.614346   -1.946174    0.019431 
   59          6             0        7.745655   -2.841430    1.274353 
   60          1             0        6.969989   -3.612384    1.305789 
   61          1             0        7.660075   -2.246189    2.189334 
   62          1             0        8.718316   -3.346803    1.286481 
   63          6             0        7.760492   -2.821003   -1.248179 
   64          1             0        7.683052   -2.211505   -2.154458 
   65          1             0        6.987333   -3.593411   -1.300258 
   66          1             0        8.734449   -3.323900   -1.258150 
   67          6             0        8.773128   -0.930908    0.034183 
   68          1             0        9.730636   -1.462035    0.034657 
   69          1             0        8.747721   -0.296710    0.926472 
   70          1             0        8.756791   -0.281496   -0.847315 
   71          1             0       -4.710734    1.804478   -0.002893 
   72          1             0        2.365392    1.527827    0.035208 
   73          1             0       -2.365968    1.532446    0.000943 
   74          6             0        0.000459    2.027147    0.015710 
   75          6             0        0.303669    2.762334   -1.144247 
   76          6             0       -0.300057    2.753178    1.177584 
   77          6             0        0.307270    4.154868   -1.132922 
   78          1             0        0.533170    2.229886   -2.063079 
   79          6             0       -0.302070    4.150389    1.180774 
   80          1             0       -0.530500    2.214886    2.092831 
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   81          6             0        0.002905    4.886574    0.028092 
   82          1             0        0.546875    4.678864   -2.053486 
   83          1             0       -0.540709    4.660581    2.106866 
   84          6             0        0.014207    6.425623   -0.006200 
   85          6             0       -0.344969    7.043242    1.358314 
   86          1             0        0.366231    6.751905    2.138053 
   87          1             0       -0.323785    8.135205    1.285291 
   88          1             0       -1.349263    6.755172    1.685799 
   89          6             0       -1.015263    6.924776   -1.047916 
   90          1             0       -1.016029    8.019780   -1.086646 
   91          1             0       -0.790055    6.557159   -2.053297 
   92          1             0       -2.026489    6.593801   -0.789727 
   93          6             0        1.424946    6.921229   -0.403620 
   94          1             0        2.175188    6.592859    0.323056 
   95          1             0        1.726349    6.548746   -1.387083 
   96          1             0        1.446082    8.015953   -0.441806 
 --------------------------------------------------------------------- 

 

Tetraamine 2. 
Stoichiometry    C51H60N4 
 Framework group  CS[SG(C3H2),X(C48H58N4)] 
 Deg. of freedom   172 
 Full point group                 CS      NOp   2 
 Largest Abelian subgroup         CS      NOp   2 
 Largest concise Abelian subgroup CS      NOp   2 
                         Standard orientation:                          
 --------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          7           0       -1.504631   -0.293223    2.417233 
      2          7           0       -1.504631   -0.293223   -2.417233 
      3          6           0        0.274074   -0.031179    6.233136 
      4          6           0        1.034998   -0.087146    5.062279 
      5          1           0        2.115765   -0.066937    5.162845 
      6          6           0        0.504779   -0.165412    3.770940 
      7          6           0        1.419926   -0.222030    2.539291 
      8          6           0        0.603677   -0.242325    1.234188 
      9          6           0        1.254547   -0.234858    0.000000 
     10          1           0        2.339426   -0.210677    0.000000 
     11          6           0        0.603677   -0.242325   -1.234188 
     12          6           0        1.419926   -0.222030   -2.539291 
     13          6           0        0.504779   -0.165412   -3.770940 
     14          6           0        1.034998   -0.087146   -5.062279 
     15          1           0        2.115765   -0.066937   -5.162845 
     16          6           0        0.274074   -0.031179   -6.233136 
     17          6           0       -1.125358   -0.056652   -6.081597 
     18          6           0       -1.695608   -0.139724   -4.807627 
     19          1           0       -2.779260   -0.167326   -4.707111 
     20          6           0       -0.895994   -0.196632   -3.661408 
     21          6           0       -0.802957   -0.289054   -1.215003 
     22          6           0       -1.516435   -0.352956    0.000000 
     23          6           0       -0.802957   -0.289054    1.215003 
     24          6           0       -0.895994   -0.196632    3.661408 
     25          6           0       -1.695608   -0.139724    4.807627 
     26          6           0       -1.125358   -0.056652    6.081597 
     27          6           0        2.351580    1.019546    2.541321 
     28          1           0        1.765584    1.941370    2.487060 
     29          1           0        3.038449    1.002977    1.689806 
     30          1           0        2.959581    1.056462    3.450410 
     31          6           0        2.287299   -1.508134    2.612017 
     32          1           0        1.654669   -2.400334    2.613124 
     33          1           0        2.894977   -1.521960    3.522672 
     34          1           0        2.966669   -1.574879    1.756281 
     35          6           0        2.351580    1.019546   -2.541321 
     36          1           0        1.765584    1.941370   -2.487060 
     37          1           0        2.959581    1.056462   -3.450410 
     38          1           0        3.038449    1.002977   -1.689806 
     39          6           0        2.287299   -1.508134   -2.612017 
     40          1           0        1.654669   -2.400334   -2.613124 
     41          1           0        2.966669   -1.574879   -1.756281 
     42          1           0        2.894977   -1.521960   -3.522672 
     43          1           0       -2.779260   -0.167326    4.707111 
     44          1           0       -2.499234   -0.147023   -2.385872 
     45          1           0       -2.499234   -0.147023    2.385872 
     46          6           0       -1.470739    0.076197   -8.495949 
     47          6           0       -0.085321    0.105379   -8.747739 
     48          6           0       -2.373481    0.126509   -9.566192 
     49          6           0        0.326470    0.186302  -10.080671 
     50          6           0       -1.922235    0.206693  -10.879074 
     51          6           0       -0.553216    0.239622  -11.172668 
     52          1           0       -2.658714    0.243222  -11.673563 
     53          6           0       -1.470739    0.076197    8.495949 
     54          6           0       -0.085321    0.105379    8.747739 
     55          6           0       -2.373481    0.126509    9.566192 
     56          6           0        0.326470    0.186302   10.080671 
     57          6           0       -1.922235    0.206693   10.879074 
     58          6           0       -0.553216    0.239622   11.172668 
     59          1           0       -2.658714    0.243222   11.673563 
     60          6           0        0.952993    0.050037    7.611422 
     61          6           0        0.952993    0.050037   -7.611422 
     62          1           0        1.393887    0.209058   10.277401 
     63          1           0       -3.441749    0.102400    9.361872 
     64          1           0       -3.441749    0.102400   -9.361872 
     65          1           0        1.393887    0.209058  -10.277401 
     66          6           0        0.000925    0.335074   12.605971 
     67          6           0        0.000925    0.335074  -12.605971 
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     68          6           0        0.901895   -0.887556  -12.901006 
     69          1           0        1.306461   -0.829902  -13.918139 
     70          1           0        1.749032   -0.946400  -12.211056 
     71          1           0        0.335663   -1.820492  -12.812570 
     72          6           0        0.833780    1.630363  -12.755371 
     73          1           0        1.240890    1.710896  -13.769951 
     74          1           0        0.217013    2.514760  -12.565055 
     75          1           0        1.675570    1.656341  -12.056748 
     76          6           0        0.901895   -0.887556   12.901006 
     77          1           0        1.749032   -0.946400   12.211056 
     78          1           0        1.306461   -0.829902   13.918139 
     79          1           0        0.335663   -1.820492   12.812570 
     80          6           0        0.833780    1.630363   12.755371 
     81          1           0        0.217013    2.514760   12.565055 
     82          1           0        1.240890    1.710896   13.769951 
     83          1           0        1.675570    1.656341   12.056748 
     84          6           0        1.850706   -1.200971    7.809097 
     85          1           0        1.251826   -2.115417    7.772594 
     86          1           0        2.613492   -1.264134    7.026838 
     87          1           0        2.366560   -1.170613    8.773825 
     88          6           0        1.835603    1.325591    7.670342 
     89          1           0        2.594345    1.314052    6.881980 
     90          1           0        1.225654    2.224016    7.540014 
     91          1           0        2.355824    1.403884    8.629928 
     92          6           0        1.835603    1.325591   -7.670342 
     93          1           0        1.225654    2.224016   -7.540014 
     94          1           0        2.594345    1.314052   -6.881980 
     95          1           0        2.355824    1.403884   -8.629928 
     96          6           0        1.850706   -1.200971   -7.809097 
     97          1           0        2.613492   -1.264134   -7.026838 
     98          1           0        1.251826   -2.115417   -7.772594 
     99          1           0        2.366560   -1.170613   -8.773825 
    100          7           0       -1.947508   -0.002496    7.195672 
    101          7           0       -1.947508   -0.002496   -7.195672 
    102          1           0       -2.945110   -0.024598    7.056572 
    103          1           0       -2.945110   -0.024598   -7.056572 
    104          6           0       -1.121131    0.364918   13.660649 
    105          1           0       -1.779322    1.230198   13.530295 
    106          1           0       -1.735720   -0.540706   13.626637 
    107          1           0       -0.685528    0.430408   14.662974 
    108          6           0       -1.121131    0.364918  -13.660649 
    109          1           0       -1.735720   -0.540706  -13.626637 
    110          1           0       -1.779322    1.230198  -13.530295 
    111          1           0       -0.685528    0.430408  -14.662974 
    112          6           0       -3.021819   -0.501553    0.000000 
    113          1           0       -3.367644   -1.071420    0.868364 
    114          1           0       -3.558491    0.458127    0.000000 
    115          1           0       -3.367644   -1.071420   -0.868364 
 --------------------------------------------------------------------- 
 

Tetraamine 3a. 
Stoichiometry    C60H70N4 
 Framework group  C1[X(C60H70N4)] 
 Deg. of freedom   396 
 Full point group                 C1 
 Largest Abelian subgroup         C1      NOp   1 
 Largest concise Abelian subgroup C1      NOp   1 
                         Standard orientation:                          
 --------------------------------------------------------------------- 
 Center     Atomic     Atomic              Coordinates (Angstroms) 
 Number     Number      Type              X           Y           Z 
 --------------------------------------------------------------------- 
    1          7             0       -2.413163    0.601145    0.022209 
    2          7             0        2.410912    0.600554   -0.005201 
    3          6             0       -6.241038   -1.165262    0.008263 
    4          6             0       -5.070346   -1.929207    0.011852 
    5          1             0       -5.174758   -3.009851    0.012135 
    6          6             0       -3.775701   -1.402607    0.014592 
    7          6             0       -2.545579   -2.323813    0.016813 
    8          6             0       -1.237352   -1.512284    0.009513 
    9          6             0       -0.001535   -2.161802   -0.004744 
   10          1             0       -0.001726   -3.247333   -0.009880 
   11          6             0        1.234519   -1.512620   -0.012511 
   12          6             0        2.542489   -2.324429   -0.026740 
   13          6             0        3.772863   -1.403633   -0.015180 
   14          6             0        5.067357   -1.930624   -0.016559 
   15          1             0        5.171445   -3.011256   -0.026387 
   16          6             0        6.238267   -1.167095   -0.005444 
   17          6             0        6.082226    0.231702    0.008257 
   18          6             0        4.804795    0.800356    0.009143 
   19          1             0        4.700038    1.883682    0.018753 
   20          6             0        3.658661   -0.001434   -0.002950 
   21          6             0        1.216969   -0.105315   -0.006644 
   22          6             0       -0.001066    0.606084    0.008305 
   23          6             0       -1.219417   -0.104963    0.017020 
   24          6             0       -3.661053   -0.000383    0.015418 
   25          6             0       -4.806972    0.801809    0.011291 
   26          6             0       -6.084568    0.233547    0.007444 
   27          6             0       -2.581510   -3.216232    1.286812 
   28          1             0       -2.552687   -2.601502    2.190962 
   29          1             0       -1.727373   -3.900160    1.313800 
   30          1             0       -3.492283   -3.822734    1.317706 
   31          6             0       -2.588863   -3.230846   -1.242450 
   32          1             0       -2.562948   -2.626576   -2.153669 
   33          1             0       -3.500659   -3.836057   -1.262285 
   34          1             0       -1.736956   -3.917514   -1.265713 
   35          6             0        2.584776   -3.243265    1.223980 
   36          1             0        2.558004   -2.647588    2.140815 
   37          1             0        3.496597   -3.848591    1.238942 
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   38          1             0        1.732922   -3.930211    1.240094 
   39          6             0        2.578888   -3.204877   -1.305034 
   40          1             0        2.551293   -2.581660   -2.203395 
   41          1             0        1.724266   -3.887878   -1.339142 
   42          1             0        3.489267   -3.811696   -1.340823 
   43          1             0       -4.701904    1.885147    0.011227 
   44          1             0        2.362253    1.606759    0.025467 
   45          1             0       -2.363969    1.607692    0.007227 
   46          6             0       -0.000518    2.102350    0.014373 
   47          6             0        0.295752    2.837732   -1.147326 
   48          6             0       -0.295219    2.828550    1.177719 
   49          6             0        0.298333    4.230347   -1.136296 
   50          1             0        0.520607    2.305219   -2.067264 
   51          6             0       -0.298366    4.225817    1.180699 
   52          1             0       -0.520162    2.290159    2.094270 
   53          6             0       -0.000300    4.962076    0.026216 
   54          1             0        0.532387    4.754345   -2.058329 
   55          1             0       -0.532192    4.735935    2.108085 
   56          6             0        0.009705    6.501181   -0.008368 
   57          6             0       -0.344112    7.118936    1.357503 
   58          1             0        0.370532    6.828443    2.134385 
   59          1             0       -0.324273    8.210898    1.284169 
   60          1             0       -1.346693    6.829968    1.689435 
   61          6             0       -1.024296    6.999654   -1.045890 
   62          1             0       -1.026033    8.094640   -1.084790 
   63          1             0       -0.803161    6.632004   -2.052148 
   64          1             0       -2.034236    6.668090   -0.783344 
   65          6             0        1.418356    6.997754   -0.411952 
   66          1             0        2.171689    6.670407    0.312036 
   67          1             0        1.715820    6.624771   -1.396432 
   68          1             0        1.438635    8.092460   -0.450888 
   69          6             0        8.499326    0.582768    0.017680 
   70          6             0        8.755629   -0.802238    0.004839 
   71          6             0        9.568941    1.487760    0.027855 
   72          6             0       10.091876   -1.211064    0.003564 
   73          6             0       10.885239    1.039408    0.025685 
   74          6             0       11.183307   -0.329047    0.013523 
   75          1             0       11.678922    1.777690    0.033648 
   76          6             0       -8.501559    0.585423   -0.001510 
   77          6             0       -8.758288   -0.799565   -0.000783 
   78          6             0       -9.570885    1.490797   -0.006986 
   79          6             0      -10.094655   -1.207974   -0.005684 
   80          6             0      -10.887313    1.042853   -0.011852 
   81          6             0      -11.185803   -0.325564   -0.011356 
   82          1             0      -11.680764    1.781418   -0.016041 
   83          6             0       -7.623278   -1.840921    0.005080 
   84          6             0        7.620296   -1.843191   -0.006581 
   85          1             0      -10.294555   -2.275015   -0.005104 
   86          1             0       -9.362841    2.558618   -0.007448 
   87          1             0        9.361230    2.555601    0.037507 
   88          1             0       10.291449   -2.278125   -0.005800 
   89          6             0      -12.623597   -0.876239   -0.017531 
   90          6             0       12.620939   -0.880179    0.011239 
   91          6             0       12.848490   -1.738706   -1.255543 
   92          1             0       13.867791   -2.141864   -1.268522 
   93          1             0       12.156919   -2.585194   -1.304439 
   94          1             0       12.707389   -1.141578   -2.162377 
   95          6             0       12.845813   -1.755080    1.267259 
   96          1             0       13.864743   -2.159292    1.276727 
   97          1             0       12.703772   -1.169485    2.181433 
   98          1             0       12.153259   -2.601418    1.304163 
   99          6             0      -12.844866   -1.741564   -1.280807 
  100          1             0      -12.152636   -2.587961   -1.321870 
  101          1             0      -13.863970   -2.145136   -1.296600 
  102          1             0      -12.699562   -1.149175   -2.190080 
  103          6             0      -12.855317   -1.744209    1.242037 
  104          1             0      -12.717153   -1.153909    2.153779 
  105          1             0      -13.874676   -2.147379    1.248678 
  106          1             0      -12.163956   -2.591109    1.286846 
  107          6             0       -7.750390   -2.733681   -1.258545 
  108          1             0       -7.662396   -2.131552   -2.167335 
  109          1             0       -6.965679   -3.496117   -1.280185 
  110          1             0       -8.715151   -3.249727   -1.284515 
  111          6             0       -7.758580   -2.728404    1.271569 
  112          1             0       -6.974119   -3.490875    1.301332 
  113          1             0       -7.676220   -2.122511    2.178394 
  114          1             0       -8.723639   -3.244108    1.293598 
  115          6             0        7.747497   -2.742892    1.252115 
  116          1             0        7.659935   -2.145721    2.164218 
  117          1             0        6.962456   -3.505105    1.269725 
  118          1             0        8.712192   -3.259247    1.274937 
  119          6             0        7.754940   -2.723778   -1.277933 
  120          1             0        6.970326   -3.485907   -1.311722 
  121          1             0        7.672548   -2.112906   -2.181402 
  122          1             0        8.719733   -3.239794   -1.303098 
  123          7             0       -7.198076    1.058736    0.003490 
  124          7             0        7.195974    1.056476    0.020364 
  125          1             0       -7.054908    2.056001    0.000095 
  126          1             0        7.053115    2.053751    0.029568 
  127          6             0      -13.675478    0.248765   -0.020577 
  128          1             0      -13.593992    0.884510    0.867199 
  129          1             0      -13.587627    0.885723   -0.906866 
  130          1             0      -14.680909   -0.184649   -0.024543 
  131          6             0       13.673193    0.244454    0.019501 
  132          1             0       13.588978    0.887106   -0.863037 
  133          1             0       13.588504    0.874542    0.910991 
  134          1             0       14.678489   -0.189285    0.016790 
 --------------------------------------------------------------------- 
 

 



 S90

Hexaamine 4a. 
Stoichiometry    C42H52N2 
Stoichiometry    C88H100N6 
 Framework group  C2[C2(HCCH),X(C86H98N6)] 
 Deg. of freedom   287 
 Full point group                 C2 
 Largest Abelian subgroup         C2      NOp   2 
 Largest concise Abelian subgroup C2      NOp   2 
                         Standard orientation:                          
 --------------------------------------------------------------------- 
 Center     Atomic     Atomic              Coordinates (Angstroms) 
 Number     Number      Type              X           Y           Z 
 --------------------------------------------------------------------- 
    1          7             0       -0.020006    2.401467    0.240262 
    2          7             0        0.020006   -2.401467    0.240262 
    3          6             0        0.003184    6.236271    1.990297 
    4          6             0       -0.000328    5.068514    2.755527 
    5          1             0        0.005353    5.173896    3.835782 
    6          6             0       -0.010768    3.775507    2.229289 
    7          6             0       -0.013122    2.552099    3.164208 
    8          6             0       -0.006996    1.238054    2.366994 
    9          6             0        0.000000    0.000000    3.016464 
   10          1             0        0.000000    0.000000    4.102362 
   11          6             0        0.006996   -1.238054    2.366994 
   12          6             0        0.013122   -2.552099    3.164208 
   13          6             0        0.010768   -3.775507    2.229289 
   14          6             0        0.000328   -5.068514    2.755527 
   15          1             0       -0.005353   -5.173896    3.835782 
   16          6             0       -0.003184   -6.236271    1.990297 
   17          6             0        0.003100   -6.082657    0.591783 
   18          6             0        0.014640   -4.801520    0.001385 
   19          6             0        0.018940   -3.657403    0.826984 
   20          6             0        0.008463   -1.217128    0.960018 
   21          6             0        0.000000    0.000000    0.271503 
   22          6             0       -0.008463    1.217128    0.960018 
   23          6             0       -0.018940    3.657403    0.826984 
   24          6             0       -0.014640    4.801520    0.001385 
   25          6             0       -0.003100    6.082657    0.591783 
   26          6             0        1.246633    2.601568    4.070193 
   27          1             0        2.157535    2.569613    3.465711 
   28          1             0        1.268223    1.753469    4.761675 
   29          1             0        1.268732    3.516833    4.670001 
   30          6             0       -1.282433    2.598905    4.057051 
   31          1             0       -2.187048    2.563792    3.443321 
   32          1             0       -1.312950    3.515451    4.654750 
   33          1             0       -1.308724    1.751201    4.749034 
   34          6             0        1.282433   -2.598905    4.057051 
   35          1             0        2.187048   -2.563792    3.443321 
   36          1             0        1.312950   -3.515451    4.654750 
   37          1             0        1.308724   -1.751201    4.749034 
   38          6             0       -1.246633   -2.601568    4.070193 
   39          1             0       -2.157535   -2.569613    3.465711 
   40          1             0       -1.268223   -1.753469    4.761675 
   41          1             0       -1.268732   -3.516833    4.670001 
   42          1             0        0.001691   -2.352609   -0.766179 
   43          1             0       -0.001691    2.352609   -0.766179 
   44          6             0        0.012980   -8.502497    0.252348 
   45          6             0        0.000000   -8.752309    1.637141 
   46          6             0        0.028787   -9.565838   -0.656256 
   47          6             0        0.000827  -10.091616    2.036883 
   48          6             0        0.030683  -10.892068   -0.213693 
   49          6             0        0.015786  -11.183305    1.163558 
   50          6             0       -0.012980    8.502497    0.252348 
   51          6             0        0.000000    8.752309    1.637141 
   52          6             0       -0.028787    9.565838   -0.656256 
   53          6             0       -0.000827   10.091616    2.036883 
   54          6             0       -0.030683   10.892068   -0.213693 
   55          6             0       -0.015786   11.183305    1.163558 
   56          6             0        0.012874    7.616415    2.672726 
   57          6             0       -0.012874   -7.616415    2.672726 
   58          1             0        0.010683   10.298190    3.102613 
   59          1             0       -0.039550    9.357257   -1.724401 
   60          1             0        0.039550   -9.357257   -1.724401 
   61          1             0       -0.010683  -10.298190    3.102613 
   62          6             0       -0.012394   12.624523    1.701644 
   63          6             0        0.012394  -12.624523    1.701644 
   64          6             0       -1.272167  -12.849825    2.543617 
   65          1             0       -1.299949  -13.861103    2.961393 
   66          1             0       -1.323764  -12.144272    3.378743 
   67          1             0       -2.165918  -12.711771    1.928455 
   68          6             0        1.257476  -12.834283    2.604604 
   69          1             0        1.275790  -13.843575    3.027390 
   70          1             0        2.178039  -12.688890    2.032212 
   71          1             0        1.262069  -12.126419    3.439227 
   72          6             0       -1.257476   12.834283    2.604604 
   73          1             0       -1.262069   12.126419    3.439227 
   74          1             0       -1.275790   13.843575    3.027390 
   75          1             0       -2.178039   12.688890    2.032212 
   76          6             0        1.272167   12.849825    2.543617 
   77          1             0        2.165918   12.711771    1.928455 
   78          1             0        1.299949   13.861103    2.961393 
   79          1             0        1.323764   12.144272    3.378743 
   80          6             0       -1.239891    7.743708    3.580854 
   81          1             0       -2.155541    7.658361    2.988827 
   82          1             0       -1.255683    6.960746    4.345410 
   83          1             0       -1.257615    8.709324    4.096016 
   84          6             0        1.288993    7.740507    3.548232 
   85          1             0        1.323399    6.955411    4.310171 
   86          1             0        2.189034    7.655208    2.932678 
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   87          1             0        1.321285    8.705261    4.064499 
   88          6             0        1.239891   -7.743708    3.580854 
   89          1             0        2.155541   -7.658361    2.988827 
   90          1             0        1.255683   -6.960746    4.345410 
   91          1             0        1.257615   -8.709324    4.096016 
   92          6             0       -1.288993   -7.740507    3.548232 
   93          1             0       -1.323399   -6.955411    4.310171 
   94          1             0       -2.189034   -7.655208    2.932678 
   95          1             0       -1.321285   -8.705261    4.064499 
   96          7             0       -0.008268    7.202764   -0.226122 
   97          7             0        0.008268   -7.202764   -0.226122 
   98          1             0       -0.037797    7.056619   -1.222862 
   99          1             0        0.037797   -7.056619   -1.222862 
  100          1             0        0.000000    0.000000   -0.816788 
  101          6             0        0.045275  -13.653355    0.556193 
  102          6             0       -0.045275   13.653355    0.556193 
  103          6             0        0.060324  -13.263770   -0.797167 
  104          6             0       -0.060324   13.263770   -0.797167 
  105          7             0       -0.046464   11.920709   -1.142546 
  106          7             0        0.046464  -11.920709   -1.142546 
  107          1             0       -0.065678   11.681953   -2.121143 
  108          1             0        0.065678  -11.681953   -2.121143 
  109          6             0       -0.058698   15.023301    0.833055 
  110          6             0        0.058698  -15.023301    0.833055 
  111          6             0        0.087232  -16.023439   -0.151260 
  112          6             0       -0.087232   16.023439   -0.151260 
  113          1             0       -0.045876   15.326669    1.875717 
  114          1             0        0.045876  -15.326669    1.875717 
  115          6             0       -0.017884    4.658090   -1.488179 
  116          6             0        1.142724    4.895179   -2.246493 
  117          6             0       -1.176291    4.283958   -2.185095 
  118          6             0        1.135289    4.767213   -3.633171 
  119          1             0        2.059033    5.178143   -1.735906 
  120          6             0       -1.175726    4.149909   -3.575955 
  121          1             0       -2.091861    4.101139   -1.629351 
  122          6             0       -0.022892    4.390565   -4.335392 
  123          1             0        2.056819    4.960028   -4.174791 
  124          1             0       -2.099448    3.860235   -4.063660 
  125          6             0        0.017884   -4.658090   -1.488179 
  126          6             0       -1.142724   -4.895179   -2.246493 
  127          6             0        1.176291   -4.283958   -2.185095 
  128          6             0       -1.135289   -4.767213   -3.633171 
  129          1             0       -2.059033   -5.178143   -1.735906 
  130          6             0        1.175726   -4.149909   -3.575955 
  131          1             0        2.091861   -4.101139   -1.629351 
  132          6             0        0.022892   -4.390565   -4.335392 
  133          1             0       -2.056819   -4.960028   -4.174791 
  134          1             0        2.099448   -3.860235   -4.063660 
  135          6             0        0.012874    4.261695   -5.869241 
  136          6             0       -0.012874   -4.261695   -5.869241 
  137          6             0       -1.349643    3.843388   -6.452709 
  138          1             0       -2.131294    4.576283   -6.228113 
  139          1             0       -1.275260    3.764708   -7.541887 
  140          1             0       -1.675051    2.869043   -6.073743 
  141          6             0        1.349643   -3.843388   -6.452709 
  142          1             0        2.131294   -4.576283   -6.228113 
  143          1             0        1.275260   -3.764708   -7.541887 
  144          1             0        1.675051   -2.869043   -6.073743 
  145          6             0        0.404307    5.623809   -6.489837 
  146          1             0       -0.325611    6.396939   -6.228483 
  147          1             0        1.386552    5.961751   -6.146867 
  148          1             0        0.441511    5.548292   -7.582274 
  149          6             0        1.059201    3.195731   -6.272256 
  150          1             0        0.803307    2.217379   -5.852396 
  151          1             0        1.101202    3.096617   -7.362666 
  152          1             0        2.062637    3.456369   -5.923346 
  153          6             0       -1.059201   -3.195731   -6.272256 
  154          1             0       -1.101202   -3.096617   -7.362666 
  155          1             0       -2.062637   -3.456369   -5.923346 
  156          1             0       -0.803307   -2.217379   -5.852396 
  157          6             0       -0.404307   -5.623809   -6.489837 
  158          1             0        0.325611   -6.396939   -6.228483 
  159          1             0       -1.386552   -5.961751   -6.146867 
  160          1             0       -0.441511   -5.548292   -7.582274 
  161          6             0        0.100647  -17.508798    0.255051 
  162          6             0       -0.100647   17.508798    0.255051 
  163          6             0       -0.134460   18.444148   -0.968262 
  164          1             0        0.744030   18.308908   -1.607682 
  165          1             0       -1.029631   18.283026   -1.577821 
  166          1             0       -0.144041   19.487500   -0.636691 
  167          6             0        0.134460  -18.444148   -0.968262 
  168          1             0       -0.744030  -18.308908   -1.607682 
  169          1             0        1.029631  -18.283026   -1.577821 
  170          1             0        0.144041  -19.487500   -0.636691 
  171          6             0       -1.351828   17.801935    1.116785 
  172          1             0       -2.269255   17.590978    0.557657 
  173          1             0       -1.370490   17.194925    2.026733 
  174          1             0       -1.372178   18.855282    1.419729 
  175          6             0        1.170269   17.836163    1.074496 
  176          1             0        1.236804   17.227819    1.981268 
  177          1             0        2.073684   17.652598    0.483762 
  178          1             0        1.170807   18.889075    1.379581 
  179          6             0       -1.170269  -17.836163    1.074496 
  180          1             0       -1.236804  -17.227819    1.981268 
  181          1             0       -2.073684  -17.652598    0.483762 
  182          1             0       -1.170807  -18.889075    1.379581 
  183          6             0        1.351828  -17.801935    1.116785 
  184          1             0        2.269255  -17.590978    0.557657 
  185          1             0        1.370490  -17.194925    2.026733 
  186          1             0        1.372178  -18.855282    1.419729 
  187          6             0        0.102337  -15.593142   -1.483891 
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  188          6             0       -0.102337   15.593142   -1.483891 
  189          6             0        0.088940  -14.239681   -1.801945 
  190          6             0       -0.088940   14.239681   -1.801945 
  191          1             0        0.125140  -16.310145   -2.296255 
  192          1             0        0.100924  -13.928453   -2.844372 
  193          1             0       -0.100924   13.928453   -2.844372 
  194          1             0       -0.125140   16.310145   -2.296255 
 --------------------------------------------------------------------- 
 

 

Ladder Octaamine 18. 
Stoichiometry    C116H130N8 
 Framework group  C1[X(C116H130N8)] 
 Deg. of freedom   756 
 Full point group                 C1 
 Largest Abelian subgroup         C1      NOp   1 
 Largest concise Abelian subgroup C1      NOp   1 
                         Standard orientation:                          
 --------------------------------------------------------------------- 
 Center     Atomic     Atomic              Coordinates (Angstroms) 
 Number     Number      Type              X           Y           Z 
 --------------------------------------------------------------------- 
    1          7             0       -2.413649   -1.010980    0.033364 
    2          7             0       -7.196273   -0.551167    0.031755 
    3          6             0        1.234514   -3.123816   -0.026863 
    4          6             0       -0.001443   -3.772965   -0.009517 
    5          1             0       -0.001506   -4.858504   -0.014059 
    6          6             0       -1.237321   -3.123845    0.013619 
    7          6             0       -2.545131   -3.935906    0.031515 
    8          6             0       -3.775725   -3.015424    0.035195 
    9          6             0       -5.070205   -3.542682    0.041085 
   10          1             0       -5.174947   -4.623306    0.044559 
   11          6             0       -6.240397   -2.778205    0.042983 
   12          6             0       -7.623582   -3.447869    0.052068 
   13          6             0       -8.752764   -2.401128    0.056221 
   14          6             0      -10.089207   -2.803558    0.077034 
   15          1             0      -10.294410   -3.869181    0.089992 
   16          6             0      -11.179667   -1.931819    0.083604 
   17          6             0      -10.895055   -0.553779    0.068867 
   18          6             0       -9.563884   -0.086287    0.047536 
   19          6             0       -8.502246   -1.016096    0.041372 
   20          6             0       -6.085412   -1.380159    0.036934 
   21          6             0       -4.807768   -0.811220    0.033501 
   22          6             0       -3.661841   -1.613201    0.033610 
   23          6             0       -1.219806   -1.716420    0.020130 
   24          6             0       -0.001321   -1.005369    0.001965 
   25          6             0        1.217019   -1.716413   -0.021487 
   26          6             0       -2.596502   -4.846096   -1.225180 
   27          1             0       -2.576649   -4.243969   -2.137979 
   28          1             0       -3.508406   -5.451307   -1.237563 
   29          1             0       -1.744705   -5.532775   -1.252442 
   30          6             0       -2.572122   -4.825364    1.303831 
   31          1             0       -2.537593   -4.208418    2.206289 
   32          1             0       -1.717399   -5.508761    1.326778 
   33          1             0       -3.482439   -5.432104    1.342236 
   34          6             0       -7.764474   -4.340825   -1.210183 
   35          1             0       -7.678403   -3.739404   -2.119664 
   36          1             0       -8.733854   -4.848862   -1.229673 
   37          1             0       -6.986263   -5.110150   -1.237496 
   38          6             0       -7.748050   -4.336875    1.318815 
   39          1             0       -7.653464   -3.732068    2.225174 
   40          1             0       -6.967315   -5.103701    1.339878 
   41          1             0       -8.715106   -4.848523    1.351218 
   42          1             0       -7.051409    0.445930    0.051105 
   43          1             0       -2.365734   -0.004479    0.015421 
   44          6             0      -13.273223    0.009391    0.050810 
   45          6             0      -13.651350   -1.345546    0.076571 
   46          6             0      -14.246493    1.013291    0.014979 
   47          6             0      -15.022337   -1.618232    0.070392 
   48          6             0      -15.608328    0.697026    0.006769 
   49          6             0      -16.027253   -0.646587    0.036306 
   50          6             0        3.659088   -1.613154   -0.033227 
   51          6             0        3.772903   -3.015312   -0.047010 
   52          6             0        4.805000   -0.811237   -0.025755 
   53          6             0        5.067391   -3.542544   -0.057313 
   54          6             0        6.082648   -1.380162   -0.033701 
   55          6             0        6.237575   -2.778079   -0.052229 
   56          6             0        2.542283   -3.935762   -0.050858 
   57          6             0      -12.617276   -2.481369    0.115724 
   58          1             0        5.172108   -4.623105   -0.069947 
   59          1             0        4.700770    0.272026   -0.013317 
   60          1             0      -13.937970    2.056897   -0.006802 
   61          1             0      -15.328553   -2.659845    0.094158 
   62          6             0        7.620844   -3.447411   -0.066018 
   63          6             0      -17.513092   -1.046681    0.034089 
   64          6             0      -17.825376   -1.850324    1.324943 
   65          1             0      -18.869925   -2.176588    1.346259 
   66          1             0      -17.197181   -2.743807    1.392086 
   67          1             0      -17.641745   -1.239769    2.213591 
   68          6             0      -17.798618   -1.938858   -1.203599 
   69          1             0      -18.843730   -2.262868   -1.227005 
   70          1             0      -17.591082   -1.393365   -2.128543 
   71          1             0      -17.174381   -2.837550   -1.192990 
   72          6             0        7.761398   -4.349844    1.189543 
   73          1             0        6.983131   -5.119292    1.210785 
   74          1             0        8.730808   -4.857957    1.205483 
   75          1             0        7.675042   -3.755265    2.103488 
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   76          6             0        7.745843   -4.326828   -1.339366 
   77          1             0        7.651510   -3.715239   -2.241184 
   78          1             0        8.712897   -4.838230   -1.375332 
   79          1             0        6.965214   -5.093583   -1.366499 
   80          6             0        2.593323   -4.855652    1.198793 
   81          1             0        2.572868   -4.260603    2.116213 
   82          1             0        1.741686   -5.542741    1.220368 
   83          1             0        3.505399   -5.460691    1.206948 
   84          6             0        2.569512   -4.815337   -1.329982 
   85          1             0        1.714542   -5.498206   -1.358549 
   86          1             0        2.535627   -4.191430   -2.227665 
   87          1             0        3.479611   -5.422110   -1.372655 
   88          6             0      -12.836442   -3.410366   -1.108474 
   89          1             0      -12.704958   -2.855419   -2.041692 
   90          1             0      -12.128013   -4.244629   -1.106314 
   91          1             0      -13.844809   -3.835976   -1.105989 
   92          6             0      -12.815787   -3.302524    1.418462 
   93          1             0      -12.106716   -4.134769    1.474478 
   94          1             0      -12.666714   -2.670726    2.298763 
   95          1             0      -13.825613   -3.722336    1.469577 
   96          7             0        2.410871   -1.010847   -0.028600 
   97          7             0      -11.934423    0.364923    0.063735 
   98          1             0        2.363262   -0.004695    0.003485 
   99          1             0      -11.696586    1.343244    0.018340 
  100          1             0       -4.703518    0.272107    0.029929 
  101          6             0      -18.429317    0.190486   -0.018620 
  102          6             0        8.749970   -2.400518   -0.061514 
  103          6             0      -17.914057    1.501128   -0.047804 
  104          6             0        8.499505   -1.015648   -0.033646 
  105          7             0        7.193398   -0.551241   -0.020631 
  106          7             0      -16.544630    1.718340   -0.029931 
  107          1             0        7.048474    0.446006   -0.027930 
  108          1             0      -16.214181    2.669677   -0.058183 
  109          6             0       10.086316   -2.802965   -0.085906 
  110          6             0      -19.818841    0.043583   -0.036620 
  111          6             0      -20.722129    1.116595   -0.082495 
  112          6             0       11.176914   -1.931408   -0.083998 
  113          1             0       10.291333   -3.868458   -0.108570 
  114          1             0      -20.219080   -0.965295   -0.013372 
  115          6             0       -0.001076    0.490771    0.006558 
  116          6             0        0.295026    1.225111   -1.155854 
  117          6             0       -0.296298    1.218355    1.168919 
  118          6             0        0.296831    2.617725   -1.146556 
  119          1             0        0.520409    0.691593   -2.075059 
  120          6             0       -0.300446    2.615612    1.170245 
  121          1             0       -0.521142    0.680908    2.086028 
  122          6             0       -0.002675    3.350619    0.014940 
  123          1             0        0.530871    3.140646   -2.069241 
  124          1             0       -0.534953    3.126553    2.097034 
  125          6             0       -9.281283    1.382664    0.033686 
  126          6             0       -9.471031    2.173296    1.176880 
  127          6             0       -8.816613    2.028208   -1.126470 
  128          6             0       -9.214738    3.546647    1.161639 
  129          1             0       -9.820040    1.703635    2.092362 
  130          6             0       -8.554228    3.395919   -1.132977 
  131          1             0       -8.667280    1.446330   -2.031746 
  132          6             0       -8.748764    4.192625    0.008800 
  133          1             0       -9.378969    4.108824    2.073669 
  134          1             0       -8.198817    3.849865   -2.053566 
  135          6             0        0.006066    4.889686   -0.021634 
  136          6             0       -0.348415    5.508941    1.343380 
  137          1             0        0.366334    5.219854    2.120688 
  138          1             0       -0.329549    6.600893    1.268749 
  139          1             0       -1.350683    5.219249    1.675585 
  140          6             0        1.414292    5.387041   -0.425672 
  141          1             0        2.167694    5.060734    0.298734 
  142          1             0        1.712112    5.012921   -1.409590 
  143          1             0        1.433824    6.481789   -0.465892 
  144          6             0       -1.028207    5.386121   -1.059834 
  145          1             0       -2.037764    5.053581   -0.797096 
  146          1             0       -1.031051    6.481131   -1.100088 
  147          1             0       -0.806478    5.017372   -2.065550 
  148          6             0      -22.238275    0.848583   -0.096764 
  149          6             0       12.614371   -2.481055   -0.120530 
  150          6             0      -23.057046    2.151794   -0.162857 
  151          1             0      -22.868404    2.794967    0.702945 
  152          1             0      -22.837340    2.725436   -1.069372 
  153          1             0      -24.126556    1.917518   -0.172270 
  154          6             0       12.832762   -3.421429    1.095132 
  155          1             0       12.701601   -2.875007    2.033410 
  156          1             0       12.123692   -4.255068    1.085115 
  157          1             0       13.840808   -3.847752    1.088805 
  158          6             0       12.813194   -3.290266   -1.430662 
  159          1             0       12.104498   -4.122279   -1.494089 
  160          1             0       12.663788   -2.650636   -2.305229 
  161          1             0       13.823185   -3.709166   -1.485602 
  162          6             0      -22.644350    0.091411    1.189819 
  163          1             0      -22.122195   -0.865941    1.279241 
  164          1             0      -22.409877    0.682773    2.080926 
  165          1             0      -23.720915   -0.115070    1.191335 
  166          6             0      -22.604730   -0.010281   -1.330461 
  167          1             0      -22.332777    0.502928   -2.258586 
  168          1             0      -22.090106   -0.975673   -1.321546 
  169          1             0      -23.682505   -0.208768   -1.353949 
  170          6             0      -20.168812    2.402738   -0.111355 
  171          6             0       10.892525   -0.553548   -0.056035 
  172          6             0      -18.791379    2.592587   -0.094308 
  173          6             0        9.561412   -0.085790   -0.030807 
  174          1             0      -20.806532    3.278419   -0.147332 
  175          1             0      -18.384055    3.601105   -0.117133 
  176          6             0       13.648716   -1.345948   -0.070451 
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  177          6             0       13.270967    0.008740   -0.031322 
  178          6             0       15.019624   -1.619080   -0.066630 
  179          1             0       15.325580   -2.660485   -0.100318 
  180          6             0       14.244493    1.011992    0.014504 
  181          1             0       13.936262    2.055428    0.046137 
  182          6             0       16.024786   -0.648116   -0.022981 
  183          6             0       15.606249    0.695277    0.019799 
  184          7             0       11.932199    0.364834   -0.041380 
  185          7             0       16.542869    1.715860    0.066843 
  186          1             0       11.694996    1.342345    0.021349 
  187          1             0       16.212786    2.667145    0.100601 
  188          6             0       17.912307    1.498195    0.078090 
  189          6             0       18.427131    0.187738    0.036192 
  190          6             0       18.790073    2.589018    0.130813 
  191          1             0       18.383100    3.597416    0.163150 
  192          6             0       19.816658    0.040304    0.048973 
  193          6             0       20.167499    2.398676    0.141994 
  194          1             0       20.805592    3.273862    0.183066 
  195          6             0       20.720376    1.112667    0.101001 
  196          1             0       20.216479   -0.968487    0.016438 
  197          6             0       17.510464   -1.048746   -0.023763 
  198          6             0       17.822069   -1.844860   -1.319418 
  199          1             0       17.193741   -2.737835   -1.391548 
  200          1             0       17.638263   -1.229089   -2.204418 
  201          1             0       18.866476   -2.171336   -1.343038 
  202          6             0       17.795963   -1.948473    1.208516 
  203          1             0       17.588312   -1.408694    2.136786 
  204          1             0       17.171637   -2.847050    1.192247 
  205          1             0       18.841139   -2.272472    1.230005 
  206          6             0       22.236485    0.844179    0.109215 
  207          6             0       22.639076    0.095941   -1.183660 
  208          1             0       23.715518   -0.111115   -1.189138 
  209          1             0       22.116234   -0.860499   -1.278687 
  210          1             0       22.402892    0.693753   -2.069997 
  211          6             0       22.605946   -0.023348    1.335941 
  212          1             0       23.683757   -0.222081    1.355365 
  213          1             0       22.336364    0.483376    2.268310 
  214          1             0       22.091192   -0.988605    1.321544 
  215          6             0       23.055779    2.146682    0.182234 
  216          1             0       22.864812    2.796027   -0.678442 
  217          1             0       22.838835    2.713964    1.093408 
  218          1             0       24.125243    1.912066    0.186944 
  219          6             0        9.279213    1.382917   -0.003319 
  220          6             0        9.487081    2.188324   -1.137750 
  221          6             0        8.797362    2.014199    1.153174 
  222          6             0        9.228733    3.556375   -1.106851 
  223          1             0        9.850665    1.728995   -2.052753 
  224          6             0        8.530199    3.385442    1.174863 
  225          1             0        8.634920    1.422811    2.050047 
  226          6             0        8.741425    4.191743    0.048565 
  227          1             0        9.404560    4.136352   -2.008231 
  228          1             0        8.158899    3.820763    2.095395 
  229          6             0        8.463141    5.706053    0.036172 
  230          6             0        9.767916    6.465880   -0.302039 
  231          1             0       10.542610    6.265821    0.445419 
  232          1             0       10.164734    6.178735   -1.280080 
  233          1             0        9.585525    7.546049   -0.321167 
  234          6             0        7.947469    6.217373    1.394394 
  235          1             0        7.765085    7.295149    1.337281 
  236          1             0        7.004920    5.738624    1.678988 
  237          1             0        8.673394    6.048202    2.196313 
  238          6             0        7.393972    6.022213   -1.036646 
  239          1             0        6.454432    5.504569   -0.817144 
  240          1             0        7.189676    7.098322   -1.065669 
  241          1             0        7.716702    5.717827   -2.036537 
  242          6             0       -8.454663    5.702895   -0.046511 
  243          6             0       -8.721524    6.401465    1.299866 
  244          1             0       -8.498069    7.469279    1.210799 
  245          1             0       -9.768199    6.308920    1.607362 
  246          1             0       -8.092467    5.999065    2.100566 
  247          6             0       -6.969331    5.924418   -0.418931 
  248          1             0       -6.307134    5.475129    0.328446 
  249          1             0       -6.723348    5.486137   -1.390382 
  250          1             0       -6.745425    6.995735   -0.470867 
  251          6             0       -9.354401    6.361494   -1.119278 
  252          1             0      -10.413824    6.231490   -0.875304 
  253          1             0       -9.149837    7.436172   -1.180782 
  254          1             0       -9.185741    5.933410   -2.111693 
 --------------------------------------------------------------------- 
 

Ladder Diamine 19. 
Stoichiometry    C32H40N2 
 Framework group  C2V[C2(HCCH),SGV(C22H10N2),X(C8H28)] 
 Deg. of freedom    64 
 Full point group                 C2V     NOp   4 
 Largest Abelian subgroup         C2V     NOp   4 
 Largest concise Abelian subgroup C2V     NOp   4 
                         Standard orientation:                          
 --------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          7           0        0.000000    2.403672    1.997505 
      2          7           0        0.000000   -2.403672    1.997505 
      3          6           0        0.000000    6.241917    0.241883 
      4          6           0        0.000000    5.072121   -0.533325 
      5          1           0        0.000000    5.171938   -1.614433 
      6          6           0        0.000000    3.780065   -0.000606 
      7          6           0        0.000000    2.550975   -0.929088 
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      8          6           0        0.000000    1.238742   -0.125474 
      9          6           0        0.000000    0.000000   -0.773746 
     10          1           0        0.000000    0.000000   -1.859606 
     11          6           0        0.000000   -1.238742   -0.125474 
     12          6           0        0.000000   -2.550975   -0.929088 
     13          6           0        0.000000   -3.780065   -0.000606 
     14          6           0        0.000000   -5.072121   -0.533325 
     15          1           0        0.000000   -5.171938   -1.614433 
     16          6           0        0.000000   -6.241917    0.241883 
     17          6           0        0.000000   -6.074295    1.632103 
     18          1           0        0.000000   -6.933314    2.292813 
     19          6           0        0.000000   -4.806231    2.202559 
     20          1           0        0.000000   -4.699864    3.285256 
     21          6           0        0.000000   -3.656555    1.402107 
     22          6           0        0.000000   -1.217211    1.282403 
     23          6           0        0.000000    0.000000    1.970473 
     24          6           0        0.000000    1.217211    1.282403 
     25          6           0        0.000000    3.656555    1.402107 
     26          6           0        0.000000    4.806231    2.202559 
     27          6           0        0.000000    6.074295    1.632103 
     28          1           0        0.000000    6.933314    2.292813 
     29          6           0        0.000000    7.621221   -0.442459 
     30          6           0       -1.261408    7.763934   -1.326757 
     31          1           0       -1.303191    6.993435   -2.102438 
     32          1           0       -1.272481    8.739719   -1.825988 
     33          1           0       -2.172080    7.679464   -0.724802 
     34          6           0        0.000000    8.775173    0.578393 
     35          1           0        0.886994    8.751495    1.220050 
     36          1           0       -0.886994    8.751495    1.220050 
     37          1           0        0.000000    9.735093    0.051711 
     38          6           0        1.261408    7.763934   -1.326757 
     39          1           0        1.303191    6.993435   -2.102438 
     40          1           0        2.172080    7.679464   -0.724802 
     41          1           0        1.272481    8.739719   -1.825988 
     42          6           0       -1.265162    2.597368   -1.827429 
     43          1           0       -2.172796    2.569373   -1.217873 
     44          1           0       -1.290782    1.744766   -2.512959 
     45          1           0       -1.289463    3.509163   -2.432178 
     46          6           0        1.265162    2.597368   -1.827429 
     47          1           0        2.172796    2.569373   -1.217873 
     48          1           0        1.289463    3.509163   -2.432178 
     49          1           0        1.290782    1.744766   -2.512959 
     50          6           0       -1.265162   -2.597368   -1.827429 
     51          1           0       -2.172796   -2.569373   -1.217873 
     52          1           0       -1.289463   -3.509163   -2.432178 
     53          1           0       -1.290782   -1.744766   -2.512959 
     54          6           0        1.265162   -2.597368   -1.827429 
     55          1           0        2.172796   -2.569373   -1.217873 
     56          1           0        1.290782   -1.744766   -2.512959 
     57          1           0        1.289463   -3.509163   -2.432178 
     58          6           0        0.000000   -7.621221   -0.442459 
     59          6           0       -1.261408   -7.763934   -1.326757 
     60          1           0       -1.303191   -6.993435   -2.102438 
     61          1           0       -2.172080   -7.679464   -0.724802 
     62          1           0       -1.272481   -8.739719   -1.825988 
     63          6           0        1.261408   -7.763934   -1.326757 
     64          1           0        2.172080   -7.679464   -0.724802 
     65          1           0        1.303191   -6.993435   -2.102438 
     66          1           0        1.272481   -8.739719   -1.825988 
     67          6           0        0.000000   -8.775173    0.578393 
     68          1           0        0.000000   -9.735093    0.051711 
     69          1           0       -0.886994   -8.751495    1.220050 
     70          1           0        0.886994   -8.751495    1.220050 
     71          1           0        0.000000    0.000000    3.058946 
     72          1           0        0.000000    4.699864    3.285256 
     73          1           0        0.000000   -2.356563    3.003905 
     74          1           0        0.000000    2.356563    3.003905 
 --------------------------------------------------------------------- 
 
 

Ladder Tetraamine 20. 
Stoichiometry    C50H58N4 
 Framework group  C2V[C2(HCCH),SGV(C36H16N4),X(C12H40)] 
 Deg. of freedom    98 
 Full point group                 C2V     NOp   4 
 Largest Abelian subgroup         C2V     NOp   4 
 Largest concise Abelian subgroup C2V     NOp   4 
                         Standard orientation:                          
 --------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          7           0        0.000000    2.403969    1.541325 
      2          7           0        0.000000   -2.403969    1.541325 
      3          6           0        0.000000    6.240239   -0.208243 
      4          6           0        0.000000    5.072415   -0.976337 
      5          1           0        0.000000    5.181122   -2.056479 
      6          6           0        0.000000    3.775131   -0.455928 
      7          6           0        0.000000    2.550650   -1.387133 
      8          6           0        0.000000    1.238760   -0.583725 
      9          6           0        0.000000    0.000000   -1.231698 
     10          1           0        0.000000    0.000000   -2.317471 
     11          6           0        0.000000   -1.238760   -0.583725 
     12          6           0        0.000000   -2.550650   -1.387133 
     13          6           0        0.000000   -3.775131   -0.455928 
     14          6           0        0.000000   -5.072415   -0.976337 
     15          1           0        0.000000   -5.181122   -2.056479 
     16          6           0        0.000000   -6.240239   -0.208243 
     17          6           0        0.000000   -6.079049    1.189952 
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     18          6           0        0.000000   -4.798827    1.752983 
     19          1           0        0.000000   -4.690230    2.836132 
     20          6           0        0.000000   -3.656404    0.946596 
     21          6           0        0.000000   -1.217305    0.823833 
     22          6           0        0.000000    0.000000    1.511883 
     23          6           0        0.000000    1.217305    0.823833 
     24          6           0        0.000000    3.656404    0.946596 
     25          6           0        0.000000    4.798827    1.752983 
     26          6           0        0.000000    6.079049    1.189952 
     27          6           0       -1.264640    2.595892   -2.286415 
     28          1           0       -2.172439    2.564422   -1.677307 
     29          1           0       -1.288889    1.746605   -2.976397 
     30          1           0       -1.290229    3.510492   -2.887216 
     31          6           0        1.264640    2.595892   -2.286415 
     32          1           0        2.172439    2.564422   -1.677307 
     33          1           0        1.290229    3.510492   -2.887216 
     34          1           0        1.288889    1.746605   -2.976397 
     35          6           0       -1.264640   -2.595892   -2.286415 
     36          1           0       -2.172439   -2.564422   -1.677307 
     37          1           0       -1.290229   -3.510492   -2.887216 
     38          1           0       -1.288889   -1.746605   -2.976397 
     39          6           0        1.264640   -2.595892   -2.286415 
     40          1           0        2.172439   -2.564422   -1.677307 
     41          1           0        1.288889   -1.746605   -2.976397 
     42          1           0        1.290229   -3.510492   -2.887216 
     43          1           0        0.000000    4.690230    2.836132 
     44          1           0        0.000000   -2.353410    2.547440 
     45          1           0        0.000000    2.353410    2.547440 
     46          6           0        0.000000   -8.494664    1.550122 
     47          6           0        0.000000   -8.756148    0.166175 
     48          6           0        0.000000   -9.560471    2.459444 
     49          6           0        0.000000  -10.093980   -0.237519 
     50          6           0        0.000000  -10.878523    2.016243 
     51          6           0        0.000000  -11.181886    0.648892 
     52          1           0        0.000000  -11.669333    2.757623 
     53          6           0        0.000000    8.494664    1.550122 
     54          6           0        0.000000    8.756148    0.166175 
     55          6           0        0.000000    9.560471    2.459444 
     56          6           0        0.000000   10.093980   -0.237519 
     57          6           0        0.000000   10.878523    2.016243 
     58          6           0        0.000000   11.181886    0.648892 
     59          1           0        0.000000   11.669333    2.757623 
     60          6           0        0.000000    7.624834   -0.879148 
     61          6           0        0.000000   -7.624834   -0.879148 
     62          1           0        0.000000   10.297733   -1.303829 
     63          1           0        0.000000    9.348593    3.526504 
     64          1           0        0.000000   -9.348593    3.526504 
     65          1           0        0.000000  -10.297733   -1.303829 
     66          7           0        0.000000    7.189133    2.018988 
     67          7           0        0.000000   -7.189133    2.018988 
     68          1           0        0.000000    7.042912    3.015817 
     69          1           0        0.000000   -7.042912    3.015817 
     70          1           0        0.000000    0.000000    2.600476 
     71          6           0        0.000000  -12.621731    0.103533 
     72          6           0        0.000000   12.621731    0.103533 
     73          6           0        0.000000   13.669359    1.232472 
     74          1           0        0.000000   14.676390    0.802824 
     75          1           0       -0.887055   13.582301    1.868470 
     76          1           0        0.887055   13.582301    1.868470 
     77          6           0        0.000000  -13.669359    1.232472 
     78          1           0        0.000000  -14.676390    0.802824 
     79          1           0        0.887055  -13.582301    1.868470 
     80          1           0       -0.887055  -13.582301    1.868470 
     81          6           0        1.261461   12.851328   -0.762270 
     82          1           0        2.171992   12.707574   -0.171446 
     83          1           0        1.304435   12.162633   -1.611436 
     84          1           0        1.272585   13.871999   -1.161966 
     85          6           0       -1.261461   12.851328   -0.762270 
     86          1           0       -1.304435   12.162633   -1.611436 
     87          1           0       -2.171992   12.707574   -0.171446 
     88          1           0       -1.272585   13.871999   -1.161966 
     89          6           0        1.261461  -12.851328   -0.762270 
     90          1           0        1.304435  -12.162633   -1.611436 
     91          1           0        2.171992  -12.707574   -0.171446 
     92          1           0        1.272585  -13.871999   -1.161966 
     93          6           0       -1.261461  -12.851328   -0.762270 
     94          1           0       -2.171992  -12.707574   -0.171446 
     95          1           0       -1.304435  -12.162633   -1.611436 
     96          1           0       -1.272585  -13.871999   -1.161966 
     97          6           0       -1.265135    7.759013   -1.768704 
     98          1           0       -1.290878    6.977241   -2.534064 
     99          1           0       -2.172953    7.671694   -1.165010 
    100          1           0       -1.289124    8.725758   -2.281067 
    101          6           0        1.265135    7.759013   -1.768704 
    102          1           0        2.172953    7.671694   -1.165010 
    103          1           0        1.290878    6.977241   -2.534064 
    104          1           0        1.289124    8.725758   -2.281067 
    105          6           0        1.265135   -7.759013   -1.768704 
    106          1           0        1.290878   -6.977241   -2.534064 
    107          1           0        2.172953   -7.671694   -1.165010 
    108          1           0        1.289124   -8.725758   -2.281067 
    109          6           0       -1.265135   -7.759013   -1.768704 
    110          1           0       -2.172953   -7.671694   -1.165010 
    111          1           0       -1.290878   -6.977241   -2.534064 
    112          1           0       -1.289124   -8.725758   -2.281067 
 --------------------------------------------------------------------- 
 
 
 
 


